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odal site distribution b achieved by repeatedly passing 
previously formed liposomes through one or a plurality 
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llamellar liposomes are produced by using a niter which 
hu a port size equal to or leu than about 100 nm. In ac- 
cordance with other upecu of the diKlosure, liposomes 
are prepared direoly from a lipid powder or pellet and 
buffer without the use of any solvents, detergents or other 
txtrancotts mattrials. 




^ '^ V - ^ ^ 




f 



FOR THE IMPOSES OF iNFORMATtON ONLY 



Codes used to identify Sutes ptrty to the PCTon the Tront pages of pamphleu publishing intcrTuiionsI appli- 
Gitions under the PCT. 



tC i«l|iti(n 

•0 •«tfafU 

ft tfUU 

Cr C«mi%l AlHan Rouklk 

CO CMfo 

CM SvttttfU«4 

DC OtfiiMiiy. f H«m Kt»vklk ef 

n 



OA C«»«i 

Ci UAHttf Ufit^ 

HU Hwm 

ft ttthr 

if Jasifi 

%f DcfROOttlc Nepte't Rcf wblic 

Ki ttftt»tK«rKort« 

U Utclkitftttttfl 

U Sril^to 

Ul Liafffn»oi*f| 

MC Mfcui 

MG l4»dMMor 

ML MftU 



Ml MMlfttftM 

M« Mtlavi 

NL Htthtrltiitfi 

NO Nenvtr 

to RomaiUt 

to s«e«fi 

tC S«HM 

SN StMfsl 

SU S#rit«Uftien 

TD CM 

TO Toe* 

IS UiittH Sum ef Antra 



-l- 



, 5 EXTRUSION TECHNIQUES FOR PRODUCIHC LIPOSOMES 

BACKCROUHD OF THE INVENTIOM 

1. ritld of the Invantlon . 

10 This lavanc ion r«l«e«t ee llpeseatt and in pcreieular co 

•xcrutlen eachnlquct for ch« rapid predueden of unllasallar 
Ilposott«s and for cht production of liposoati having dtfihtd tizt 
dif cribuciona. 

2. Dtaeription of cha Prior Art 

15 Aa ia wall known in tha art, lipoaosaa ara cloaad- vaaielaa 

having a lipid bilayar manbrana aurrounding an aquaoua cora. In 
ganaral, liposomaa of tha following thraa typaa hava baan 
producad: 1) multilaatllar vcaiclaa (KLVa) wharain aach vaaiela 
includaa mltipla eoncantrie bilay r aambranaa atackad ona inaida 

20 tha othar in an onion akin arrangaaant; 2) aaall unilamallar 
vaaielaa (SUVt) having only ona bilayar atabrana par vaaiela and 
having diaatcara ranging up to about 50 na; and 3) larga 
unilaaallar vasiclaa (LUVa), again having only ona bilayar aaa- 
brana par vaaiela » but in thia eaaa having diaa«ttra graatar than 

23 about SO na and typically on tha ordar of 100 na and abova. 

A raviaw of thasa thraa typaa of lipoaoaaa» including aathoda 
for chair preparation and varioua uaaa for tha finiahad lipoaoaaa, 
' can ba found in tha taxt Lipoaoaaa , Karc J. Oatro. ad., Mareal 
Oakkar, loco, Naw York, - 1983, tha partinaat portiona of which ara 

30 Incorporatad harain by rafaranca* Saa alao Saoka, Jr., at alot 
% Ann, Ravo Biophyg> Bioang, . 9:467 (1980), tha partinant portiona 

of which ara alao incorporatad harain by rafaranca. 
• Othar typaa of lipoaoaaa which hava baan davalopad include 

atabla plurilaaallar vaiiclaa (SPLVt), senophaaic vaaielaa (KPVa), 

33 and ataroidal lipofoeaa. Daacripciona of thaaa vaaielaa and 
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Btchodt for preparing ehta can bt found in eoptnc'lng and cooanonly 
at«l|n«d U.S. Paetne Applications Sarial Not. 4/6.i9^t S:i,l76, 
and S99,691. filad on March 24, 1983. August 8, 1983, and April 
12, 1986, ratpaccivaly, cha parcinane porciona of which ara incor* 
S poracad harain by rtftrcnca. 

Ona of cha priaary uaas for lipoaofflaa ia aa carriars for a 
variacy of nacariala, auch as. drugs, coasaciea* diagnostic ra- 
agants, bioactlva cospounds, and cha lika. Lipoaoaas ara also 
vidaly uaad aa aciantif ic nodals for naturally occurring biologi* 

10 cal atabrana ayataas. 

In ronnaction vith aach of thaaa uaas, it la iaportapt .to 
hava availabla populatlona of liposomes which hava defined aean 
diaaeters and defined aiae distributions about those aeana. Mora 
particularly, it is iaportant to have . aveilabla populationa of 

IS liposoaas which have a substantially uniaodal distribution about a 
selected aean diamecer* 

In teres of ccmaercial applications, and in particular, phar- 
aacautical applications, such populations are needed to enhance 
the effectiveness and aafecy of liposoaa encapsulated drugs and 

20 aiailar aaterials. Moreoveri the availability of accurately 
defined populations of llposooes would aake ii significantly aasi* 
er to obtain approval for lipcAoae-ccntaining preparations froa 
sudx'egulatory agencies as the United States Food and Drug Adain* 
iatration. In teres of other liposoae applications, including 

23 scientific investigations, the ready availability of well* 
characterised populationa of lipoaoaas would lead to aore 
atandardisad products and repeatabla experisanca. 

The praaant invention ralatea to iaprovad aethoda for the 
production of liposoaes. In pertieulari the invention relatea to: 

30 1) an iaproved aathod for producing unilaaallar lipoaoaas of both 
the large and aaall typea; and 2) an iaproved aethod for producing 
liposoaea having defined aisa diatributions. 

Prior to the preaent invention, large unilaaallar liposoaas 
(LUVs) were coaaenly produced by one of the following three 

33 aethoda: 1) reverae«phase evaporation, 2) detergent dilution, and 



3) i&ftttion procedurts 4isln| .various solvtncs. Stt llposomea , 
supra » Ch« 1, pagts 37»44« 

In Cht ravarstt-phasa avaporaclon cachnlqua* an aqutoua buffar 
la Incroduead Inco a alxcura of phospholipid and an organic sol- 
S vane CO produca "Invarcad slccllas,*' l.a.» droplacs of vacar sea- 
blllsad In cha organic aolvtnc by baing aurrounded by a 
phoapholipld mnolayar. Evaporation of cha solvanc causas cha 
slcallaa Co coalasca and fora cha dasirad liposooes. Saa, for 
axampla, Sseka, Jr., at al.» Proc. Had* Acad. Sci. USA, 75:4196 

10 (1978); and U.S. Pacanc 4,:3S|871 co Papahadjopoulos ac al. 

In cha dtcarganc dilucion approach, lipid, dacarganc and an 
aquaous aolucion ara mixad cogachar and aonieacad co fohn *cha 
4%9ifd vasiclas. Saparadon cachniquaa, such as, gal filcracion, 
ara Chan usad co ramova cha dacarganc and chua produca cha fin* 

IS ished liposomes. 

In cha infusion procaduras, ..lipid Is dissolvad in a solvanc, 
a.g., pancane or dlechyl achar, and cha lipid^solvanc solution is 
Infused inco an aqueous solucion under conditions Chac causa cha 
aolvanc Co vaporize and^chus produc*. che desired liposotnes. Sea, 

20 for example, Deamer, Annals Nev York Academy of Sciences , 308 : 
230-258 (1978). 

Other cechniques which have been used co produce LUVs include 
fusion cechniques whereby a populacion of SUVa la craacad ao aa co 
cauaa individual SUVs co fuse vlch each other to form LUVa. Por 

23 example, U.S. Paccnc 4,078,032 co P. Demecrioa Papahadjopoulos 
daacribas a cechnique wherein calcium ions ara uaed co fuse SUVs 
Inco coehlsaca cylinders, and cha cylinders ara Chan craacad vlch 
a calcium chelaclng agenc auch aa EOTA co form cha dasirad LUVa. 
Rapid fraasing of SUVa, followed by slow chawing, haa also bean 

30 uaed co produca LUVa by fualon. Saa, for axaspla, U.Pick, 
Archivea of Biochemiatry and Biophysics , 212:186 (1981). 

With regard co che produce ion of SUVa, aa wlch LUVa, a varl* 
acy of tachttlquaa have been amployad in cha paac. Saa Llpoaomea , 
aupra , Ch. 1, pages 33, 36. Tha aarllaat caehnlqua involved 

33 aonicacion co claricy of a suspanalon of lipid in an aquaoua ao- 
lucion using a probe or bach aonicacion unlc. Ochar cachnlquaa 



h«v« lncludt4 Infusion ptoctdurts. aLong ch« lints of chost ustd 
for produeini LUVs but vich tchanol as cho solvtnc (s«t S. Bstsri 
sad C. Korn, Biochimics sc Biophysics Acts , 298:101S (1973)), snd 
s cschniqus taploying •ulciplt psssts of KLVs chrough a French 
prsss optrsctd ac a prassurt of 20,000 psi (sttt for axampla, 
Ramilcoa, Jr., ac al.. Journal of Lipid Rsscsrch , 2J^:98l (1980); 
and Baraoholz, ac. al., FIBS Lacc> , 99:210 (1979)). 

In addition to cha baaie cachnlquas ustd to product 
liposoBta, various ancillary cachniquts hava bttn dtvtloptd for 
posc-prtparaeion craacaanc of liposoats to iaprovt chtir prop- 
trcits. In particular, as discusstd oort fully btlow, aany of tht 
LUV etchniquts dtscribtd abovt havt rtquirtd sizing of thrfin* 
ishtd liposoats by filtration using, for axaaplt, a sarias of 
polycarbonact filctrs. Stt Liposoats . supra , Ch. I, pagts 37-39, 
45; and Sxoka, at al., Biochiaica at Biophysics Acea . 601 tSS9 
(1980). Strias of polycarbonaca filttrs havt also bttn ustd to 
slzt MLVs. Stt F. Olson, tt al., Biochiaica tt Biophysics A: cs. 
557:9 (1979), and Bosworth, tc al., Journal of Phirmactut Icsl 
Scitncts , 71^:806 (1982). 

Alchough aach of tht foregoing etchniquts can bt ustd to pro- 
duct liposoats, nont of thtst etchniquts ara totally satisfactory. 
For axaaplt, tach of tha coaaonly ustd LUV ttchnlquts involvts 
coabining tht coapontnts asking up tht llposont with a lipid 
aolubilizing agtnt, l.t., tithtr an organic solvtnt or a dtttr- 
gtnc. As is vtll knom in tht art, solvtnts and dt ttrgtnts can 
advtrstly tfftct aany aatarlals, such as anzyats, which ont aay 
vant to aneapsulats in liposoats, and thus thssa ttchniquta cannot 
ba usad vith thass aatariala. Alao, in applications such as tha 
gtntratioa of drug carrier systsas, tht possiblt prtstnct of thtst 
pottntlally toxic agents is undesirsbla. 

Horaovarf these techniques often require lengthy dialysis 
procsdurea which can never coapletely reaove the solvent or deter- 
gent eaployad. See, for axaaple, Allen, et al.. Biochiaica at 
Biophysics Acta . 601^:328 (1980). Further, a variety of protocola 
are raquired depending on the lipid apeciee. For exaapla, tha 
liaited solubility of certain lipida (t.g., cholaeterol. 
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phofphAtldyltthanoUttlnt (PE), and phoiph«cl<lyli^rln«. (PS)). In. 
tch«r or tchanol ttqulrts sodlflcaclon of ceehnlqucs coploying 
chest iolvtnti. Alttm*clv«ly, dtctrgcnt dUlytlt proctdurts co- 
ploying non-lonlc dtccrgtncs »uch as octylglucosldt art ctdlous co 
S Apply M thty can Involvt stvtral days of dialysis. Plainly* cht 
ottd CO stparact lipid solubilicing aganca from cht finished 
liposottts Mterially decreases Che usefulnesa of chese oethods. 

Along chese saae lines. Che prior arc LUV cechniques have. In 
general, produced liposomes of various sisas, as veil as aggrc- 

10 gatas of liposomes, thus rtquiring cha additional sctp of sizing 
Che finished liposomes vlth a series of filters. Again, this 
makts Cht ovtrall proctss more cime consuming and eomplicace'd. 

The fusion techniques include similar drawbacks. For exam- 
< pie, the calcium Ion/calcium chtlacing agtne Ctchniqut. likt cht 

15 ^-^oivtnc and dt ctrgcnt ttchniquts, involvts Cht ust and substqutnc 
removal of mattrisls in addition to those actually making up the 
finished liposomes, in this case, the chelating agent and the add- 
ed calcium ions. As with the solvencs and decergtnts, these mate- 
rials rcpresenc possible sources of .oncaminacion, limit the use- 

20 fulness of the technique, and make the technique more compllcaced. 
Also, this ttchnique requires that the composition of the 
liposomes includes some phosphatidylserinc. 

As CO the frtett-chAw cechnlque, this techniqut suffers from 
Che drawback thac the specific crapping capacity of the liposomes 

2S produced by the cechnique drops off sharply at phospholipid con- 
eencraciona above about 20 mg/ml. 

The SUV techniques have similar problems. For examplt, high 
tntrgy sonication can causa oxidacion and dtgradacion of 
phoapholipida and may damage solute molecules which one wants to 

30 eapcura la che interior apace of che lipoaomea. Also, when per- 
formed using a sonication probe, high anergy aonication can cause 
probe eroeion, and if dona vlch bath aonicacion in combination 
vlth radioactive meteriala» can produce a potentially hasardous 
aaroaol. Low tntrgy sonieacion is alov, can bt dtatruetive to 

33 phospholipid molaculss, I and cannot be uaed to prtpara largt 
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quancltlti of llpososts. Purchtr» eht aonicaclen approach resulci 
In low trapplnf of flel«nclts. 

Tht infusion cypt SUV proctduroa auffar cha taoa problems as 
Cha LUV infusion proecdurss* Ths high prtssura Franeh prsss ctch- 
S nlqua has lea own asc of problams* including dlfflculclas in oak- 
log cha tachniqua rtpaacabla. chs ntad for poac-praparacion fil* 
craelon co rsmova choss KLVs which hava noc baan convtrctd co 
SUVot Cha naad for axptnsiva and tumbarsoms aquipaanc capable of 
vichaeanding cha high prtssurts usad* and eoncamlnaeion of cht 
10 produce by dlaintagracion of componancs of cha apparatus which 
oceura during proetssing of cha liposoats. Sae« for txaapls, 
Boaworch. ac al.. Journal of Pharwsctutlcal Seiancsa . 71:806 
(1982). Also, this ccchniqus can only, producs small liposomss 
having a low crspping afficiency. 

13 Turning co cha siza discrlbution sspaecs of cha invandon, 

various procedures have been invescigsced in cha pasc in an ac- 
ceopc CO find a way co control boch liposooc else and dis- 
cribuCion. Each of these procedurea has fallen ahorc of the mark 
in one way or another. For axsapla» Ching-hsien Huang, In Bio- 

20 chemistry , 8:344 (1969), described a multi-step technique for 
producing a homogeneous population of small unilamellar liposomes 
(SUVs) i^ich involved sonicating a lipid suspension in a buffer 
for 2} houra, centrifugln^ the resulting product at 103,000 x g 
for 1 hour to remove undispersed lipid, filtering the supernatant 

23 through an axcensively wished 0.1 micron Sartorius filter, sub- 
Jacclng cha filcraca co molecular aiava chromacography on a 
Sepharosa 4B column which had prevloualy been sacuraced wlch cha 
lipid auspanaion and washed and aquillbracad wlch cha buffer, and 
collaeclng cha aecond fracclon alucad from cha column. Alchough 

30 Chla procsdura did produce a populacion of liposoaas having a 
defined alia dlscrlbucion, Ic waa obviously compllcactd and cima 
conauming co uaa, ic only produced SUVa, and ic ran cha risk of 
chemically changing che liposomes or chair cencenca during aicher 
Cha long cam sonicacion or cha axpoaura co cha Sepharosa 4B 

35 column. 
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In M -ACttcpt CO ovtrcom* soac oi Chf probJtms vlch cht Huang 
ttchnlqut, Btrinholj. tC tl., Btoch»aHtry , 16:2806 (1977), devtl- 
optd t ttchnlqut In which high tpctd ctntrlfugitlon v«t •ubttltuf 
•d for ■oltcuUr-fltvc ehroucography. In «ecordanct with this 
5 ctehnlqut, 4 lipid dispersion In a buffer was sonlctctd for 30 
alnucts. ctncrlfugtd for 15-30 alnucts «c 100.000 x g to rtmovt 
Urgt miltilttttlUr llposests snd sonlcatlon probt parclclts, tnd 
Cho supamatant from tha 100.000 x g ctncrlfugaclon was 
rt-eancrifugtd at 159.000 x g for ptrlods of clat ranging from 1 

10 to 4 hours depending on the lipids, buffer conposltlons and tem- 
peratures used. This latter ctntrlfugatlon produced three sones. 
the top one of which contained the desired homogeneous populjrtlon 
of liposomes and had to be carefully removed without picking up 
part of the adjacent second xone. Although this technique did 

15 ellmlnete the use of Sepharose 4B columns, It was still long and 
complicated, still only produced SUVs, and still had the problems 
arising from sSnl^atlon. Along these same lines, Watts, at al.. 
Biochemistry , 11:1192 (1978), reported preparing a homogeneous 
population of SUVs from dlmyriscoylp'-.osphatldylchollne (DMPC) by 

20 sonlcatlon followed by centrlfugatlon at 105,000 x g for 10 min- 
utes at 4*C. 

In addition to the efforts directed at obtaining homogenous 
populations of SUVs. numerous attempts have been made to obtain 
homogenous populations of larger liposomes, i.e.. llposomee having 

23 dlametera larger than about 50 nm. The majority of these efforts 
have involved Che use of a series of polycarbonate f Uteri of de- 
creasing pore size. 

For example. Olson, et al.. in Blochlmlca at Biophysics Acta . 
557:9 (1979). deecrlbed the sequential excrualon of large 

30 multilamellar lipoaomea through polycarbonate filters having pore 
aitea of 1*0. 0.8. 0.6. 0*4. and 0.2 microns. See also Brendsel. 
•t al.t Blochlmlca et Biophysics Acta . S96tl29 (1980). Olson's 
laboratory alao reported the application of their technique to the 
aislng of large unilamellar liposomes prepared by reverse pheee 

35 evaporation. See Blochlmlca et Blophyelca Acta . 601:559 (1980), 
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In chit cast» fllctrs having pert tiztt of 0.4» 0.1. anj 0.08 

Bicront vtrt uttd« 

Although cht Olton vork as rtporctd in tht lictracurt would 
apptar to product unimodal pepulaciont of largt lipotomes (stt. 
S for txasplt, Figurtt It and 3d in cht 1979 areiclt, and Figurta 
ID, 20. and 30 in tht 1980 arciclt). at dtscribtd in dtcail in 
Cxasplt lOi infra » ic hat bttn turpritingly found chac vhtn qua* 
ti-'tlatcic lighc teacctring it uttd at cht ctchniqut for dtttraln* 
Ing tizt' distrlbuciont* llpotomtt prtpartd by cht Olson ctchniqut 

10 turn ouc not co havt a unimodal distribution. In ttras of largt 
tcalt eeatrelal production of liposoata* quasl*tlatcie ligh( 
teat caring is at prtstnc cht only known rttl-ciat physical mtchod 
for dtfining titt discribucionst so chtc in ctras of cooatreial 
applications, cht Olson proctdurt cannoc bt aaid co actually pro- 

IS duct a population of liposoats which is uniaodal. 

In addition to tht Olson stqutntial polycarbonatt filttr ap« 
preach, ethtr ttehniquts havt bttn tritd in tht hept of obtaining 
a hooogtnout population of rtlativtly largt lipotoett. For txaa* 
pltt Schulltry, tt al., Chtmlttry and Physics of Lipids , 12:73 

20 (1973)* dtscribtd tht ust of Milliport filctrs having port slstt 
of 8.0» 1.2t 0.80« 0.65, and 0.A5 aicrons co sizt largt 
Qultilaacllar phosphatidylcholint liposoats. 

l(hodtn, tc tl.i Biochcttlstry , IBiLllJ (1979), rcporctd tht 
production of liposoaes having diamtctrs bttvctn 3^ and 128 ne iy 

23 solubllixing phosphatidylcholint and choltsttrol in a todiua 
eholatt tolucion and chtn rtaoving chac dtctrgtnt by hellev fibtr 
dialytitt Tht.tist of cht lipotoatt vaa varitd by adjutting cht 
phetpholipid/eholttctrol ratiot and cht pH tnd ionic tcrtngch of 
Cht dialytatt. It vas obatrvtd chac broadar discribucions vtrt 

30 produesd for largtr lipotoatt. 

Botvorcht tc al.i Journal of Pharaictutlcal Scitnctt , 71:806 
(1982}. coabintd cht ttqutnclal polycarbonact fllctr sizing ctch- 
niqut vlth dialytit acrott; tht taat typtt of filttrs. Liposoatt 
vtrt prtpartd by atchanical agitation or by tht Frtnch prttt tteh- 

35 nlqut of Bartnholz, tt al.» FEBS Ltcc . 99:210 (1979). Thott 
produetd by atchanical agicacion vtrt tiatd uting fllctrt having 
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port tlstt of btcvttn 0.2 «nd l.O with cht llpoioots bt- 

Inf pAsatd evict through tht tatllost fllttr *nd« in some casts, 
tvles through tsch of tho flltors. For dUlysls. fllttrs having 
port aizta bttvttn 0.05 and 3 alcrons vara uaad. 
5 Enoch, tt al.. Proc. Watl. Acad. Scl. USA. 76: U5 (1979). 

daacrlbtd tht prtparatlon cf llposonas having dlaatttrs of 100 nm 
by dtttrgtat trtatmtnt of aonlcatad vtslclta followtd by gtl fil- 
tration on Stpharost Hamilton, tt «!.. Journal of Lipid Rt- 
starch. 21^:981 (1980). dtscrlbtd tht prtparatlon of liposome popu- 
10 latlons of various sixes using a Frtnch prtss In combination with 
ultractntrlfugatlon and gel chromatography on columns of 21 or 42 
agarose. Reeves, et al.. J. Cell. Physiol. . 73:49 (1969). report- 
ed tht production of a population of giant llposomts (mods - 1.200 
nm) having a log-norrial distribution, but vtslclts smalltr than 
15 1000 nm vert measured vlth difficulty, and thoat smalltr than 500 
nm vere not measured at all. 

A review of some of the foregoing procedures can be found In 
Ssaka. at al.. Ann. Rev. Blophvs. Bloeng r. . 9:467. 493-494 (1980). 
See also Liposomes . Marc J. Ostro, tc. Marcel Dekker, Inc.. New 
20 York, 1983, Chapter I. 

SUMMARY OF THE IWVENTION 

In vlev of the foregoing atate of the art. It la evlOent that 
there la a substantial and continuing need for an Improved method 
for preparing unilamellar liposomes of both the SUV and LUV types. 
25 Mortovtr. it Is also tvldtnt that slnct at least as tarly as 

1969. thtrt has bttn a continuing tffort to product populations of 
llposomts having dtflntd Mst dlatrlbutlons. Much of chat tffort 
haa bttn dlrtcttd tovards obtaining populatlona having mtan diame- 
ters greater than about 50 nm. Along vith the desire for tht pop- 
30 ulations par st, thtrt ha/ bttn a paralltl dtslrt for a gtntrally 
applicable and almplt xl ust ttchniqut vhich vlll veproduclbly 
generate populations of the type dtslrtd for a vldt varitty of 
proctaslng conditions. 

Accordingly, It Is ont of tht objtcts of tht prtttnt In- 
35 vtntion to providt an Improvtd ttchniqut for producing unllamtllar 
llposomts. Mora particularly, it la an object of thla Invtntlon 
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to provide « slaplti reproduelblt cachniquo (or producing 
unilAatlltr llpotoatt which c«a bt porforvcd vlch rtadlly avail* 
ablo and ralaclvaly Intxptnalva aquipmane* vhlch haa a Klnlouo 
nusbar of acapai which haa a high output of llpoaoaaa par unit 
S tlBOt and which doaa net raqulra that tha conponanta Baking up tht 
llpoaoaaa ba aonleatad or cosblnad with aoivanta* datargtntt or 
other axtranaoua aatarlala. 

It la another object of the Invention to provide a technique 
for producing llpoaoeaf of both the unllaBellar and smltllaBellar 

10 typea which doea not require the uae of aolvcntat detergents or 
other extrancoua oatarlala. 

It la a further object of the invention to provide popu* 
lations of llpoaoeca having defined alia dlatrlbutiona. It la an 
additional object of the invention to provide a atraightforvard 

15 method for obtaining audh populationa. 

To achieve the foregoing and other objects, the invention, in 
accordance with certain of its aapects* provides a aethod for 
producing a population of substantially unilafflellar liposoBes 
which Involves repeated extrualons at aoderate pressures of previ- 

20 ously formed liposomes through a filter having a pore else below a 
critical upper limit, specifically, below approximately 100 nm* 

In this manner, the invention provides a variety of advan- 
tagea over previoualy known systems for producing unilamellar 
lipoeomea, including the following: 1} the ability to fcr^ 

25 unilamellar vesicles from a wide range of liplda; 2) the ability 
to uae high lipid coneentrationa (e.g., on the order of 300 
umol/«l) so aa to eaaily achieve high trapping efficiencies; 3} 
the ability to provide reproducible and very rapid production of 
unilamellar veaielee, and, la particular, large unilamellar 

30 veaielee, through the use of high axtruaion flow rates and auto* 
aatle or semi-automatic recycling of the lipoeomea through the 
filter; 4) the ability to produce liposomes of a deelred else by 
using a aingle pore else filter with minimum filter clogging prob- 
lama; 5) the ability to avoid the use of organic aolventa and da- 

35 tergenta; and 6) the ability to provide an overall relatively gen- 
tle proceaa. 
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In toM casts* rschtr chsn eoaplcttly Cransfnmlng a popu- 
laclon of vulcllsatllsr liposomts Inco « populscloa of tubscan- 
CUlIy uniUmtllsr lipos^Qts, Ic is dtslrsbls to only parddlly 
dsersast tht Isatllsrlty' of chs population vichouc rtaching the 
3 fully unllamtllar scagt. Filcsrs having a port sizt of about 100 
tm art still ustd in aceordanct vich this asptct of tht invtntlont 
but vlth a rtduetd nuabtr of passts through tht filttr* 

In aceordanct with somt of its othtr asptcts. tht invtntion 
providts a atthod for producing liposoats dirtctly from a lipid 

10 povdtr or ptlltt by sinply coabining tht povdtr or ptlltt vlth an 
aqutous bufftr and thtn applying sufficitnt prtssurt tp tht 
lipid/bufftr alxturt to rtptattdly pass ic through a filttr. If 
tht filttr has a port sist Itss than about 100 na, substantially 
unilaatllar liposomts art productd« If tht filttr has a port slzt 

IS significantly abovt 100 na, t.g., on tht^ ordtr of 200 na, 
aultilaatllar liposoats art productd. Significantly, in tlchtr 
cast, the liposomes art coBple'ttly solvtnt frtt, in that, not tvcn 
chloroform, ^ as has been ustd in tht past to product MLVs, Is 
rtquirtd for liposome production in aceordanct wich these aspects 

20 ot tht present invention. 

In accordance with further of its aspects, the invention pro- 
vides populations of llposoaes having essentially unloodsl dis- 
tributions about mean diaoeters vhich are greater than 50 na. 

In accordance vlth still (yrther of its aspects, the in- 

2S ventlon provides a aethod tor increasing the hoaogeneity of a pop- 
ulation of liposoaes by repeatedly passing tht liposoaes through 
one or sort filters of a constant port sizt until tht sizt dis- 
tribution of tht population btcoats tsstntially uniaodal. 

Tht attainatnt of tht fortgoing and othtr objteta and advan- 

30 tagts of tht prtstnt invtntion Is dtseribtd fully btlov in con- 
ntetion vlth. cht dtseription of tht prtftrrtd tabodiatnts of tht 
invtntion • 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figurts lA and IB art scheaatie diagrams of apparatus suit- 
33 able for practicing tht prtstnt invention. In Figurt* lA. cht 
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llpotoM tusptnslon It rtcyeltd through cht filctr by hand, vhllt 
In rifurt IB, cht rtcycUng h« bttn partially «utom«ttd. 

risurt 2 fhovt cha ^^P SKR algnal Inctnslcy arising fro« tgg 
phosphaeidylcholina (EPC) Bulcilamtllar vtsiclca (in cha prtatnct 
S of S bM KnCl^) aa a function of tha numbar of axeruslons through 
polyearbonata fllctra vlth 100 nm (eirelaa) and 200 na (aquarti) 
pora alxaf. Tha arror bari* rapraaant standard dtvlatlons (n • 6 
for tha point at 10 axtruslons through cha 100 ns filtar; n • 3 
for cha polnc ac 30 axtruslons). All othar axptrinantal points 

10 rtprssant tha avtrsge obtaintd fros two saparatt axptriaants. Tht 
lipid conetntration in all easts was batvaan 30 and 60 usol/al.* 

Figura 3 thovs four frttza-fraetura alcrographt of vtsielts 
prtpartd by rtpeacad txcrution of multllamallar vtticlts of vary- 
ing lipid coaposicion through polyearbonata filttrt: (a) soya 

IS phosphatidyleholina (PC) KLVs axtrudad through a 100 nm filttr; 
(b) toya PC - soya PS (1:1) KLVs txtrudtd th;ough a 100 nm filttr; 
(e) soya ?E - soya PS (1:1) KLVs axtrudtd through a 100 no filctr; 
(d) soya PC MLVs axtrudtd through a ftlttr with a 200 n« port 
aiza. Tha arrov in part (d) indieatts a cross fraecurt ravtaling 

20^ Innar laatUat. Ail micrographs hava tht samt magnification and 
cht dlrtcclon of shadowing is indlcaitd by cht arrovhtad in tha 
bottom right corntr of tach stcclon. In tach cast, tht txtruslon 
proetdurt vaa rtptactd 10 cimts on lipid sysctms containing 60-70 
umol/ml phospholipid. 

23 Figura 4 shows tht sist distribution of soya PC vtaiclta ob- 

taintd aftar 10 txtruaions through a polyearbonata filtar with a 
100 nm pora alsa« Tha vaslela diamtttra wtrt mtasurtd from frttst 
fraetura micrographs amploylng tha Ctchnlqut of van Vanatla tc alt 
(1980) J. Micros. . lia;401-408. Tha black and half-cona columns 

30 rtprtstnc vtsicltt chac did and did noc undtrgo frttst-chav 
cycling* rasptcclvtly. ^ 

Figura S shows tha ealorlmttrlc bthavlor of hydratad *dipalml- 
toylphosphatldylchollna (DPPC) in larga multllamtllar vaslclaa 
(MLVs) and in larga unllamtllar vaslclaa prtpartd by .Cha axcruslon 

3S ctchhlqut of cht prtttnc Invtnclon (LUVETt). Tht KLVs vara formtd 
by vorcaxing a dry lipid film In cha boccom of a ctac Cuba In cha 
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prtatnet of « N«Cl bufftr «c 50*C, «htrt«i eh« LUVETs w«rt foratd 
by rtptclclvt •xcruslon (10 tints) of tht KLVt (SO «$ llpld/al) 
through 100 na port tlst polyearbonttt filttrs at SO*C. Scan 
rtttt of 2«0 *K/aln vtrt taploytd. 
3 rigurt 6 shovt tht trapping tffleitney «a a function of lipid 

eonctntration for llpotomta prtpartd In accordanct with tht prt- 
atnt Invtntion both with (optn circltt) and without (clostd cir« 
eltt) frtttt-thawing. ^^C«inulin was uatd aa a trap urktr. 

Figurt 7 ahowa tht ^^P NMR aignal intanalty ariaing froo tgg 
10 phosphatidyleholint (CPC) imltilaatllar vtaiclts (in tht prtatnct 
of 5 bM HnCl,} as a function of th^inuabtr of txtruaions through, 
polycarbonatt filttra with SO na (optn circlts) and 30 na (solid 
circlta) port sizts. Tht lipid eonctntration in all casts waa 100 
8g/al« 

IS Figurts 8 and 9 show f rttzc-f racturt aicrographa of tht 

vtsiclts of Figurt 7 procttstd through SO na and 30 ha filtars, 
^tsptctivtly* In taeh cast, tht upptr portion of tht figurt (Fig- 
urts 8A and VA) was prtpartd afttr ont txtruslon (xl) through two 
staektd polycarbonatt filttrs, and tht lowtr portion (Figurts 88 

20 and 9B) afttr ttn txtruaion?. (xlO). 

Figurt 10 ahowa tht eltaranct of ^^'l-tyraainyl-inulin 
(*^^ITI) tntrapptd in tgg phosphatidyleholint (PC) - choltsttrol 
(1:1) LUVETs froa tht rat circulation (circlts) and substqutnt 
txcrttion in tht urint (squarts). Tht LUVETa wtrt prtpartd in 

23 accordanct with tht prtscnt invtntion and ware injtcttd into tht 
tail vain of 130-17S g ftaalt Vlstar rata at a doat Itvtl of O.S 
uaol phospholipid in 100 ul HBS, Urint was collaetad In attabolic 
cagta. Blood waa withdrawn and tht aniaals sacrlflcad at tht In- 
dleattd tlata and tha total aaount of ^^^ZTX In tha blood eal- 

30 eulatad assualng 4.9 al blood par 100 g '•c* Rtaulta art ax* 
praaatd aa parctntagta of tha total ^^^XTZ Injtettd sa.t. (n«4). 

Figurt 11 ahowa tht long ttra tlasut distribution of tht 
LUVETs of Figurt 10. Tht syabols corrtspond to llvtr (circlts); 
eareasa (trlangltt) and aplttn (aquarta). Rtaults art txpraaaad 

33 aa parctntagta of total ^^'iTZ in vivo (total ^^'iTZ injtettd al- 
ttua aaount axerattd) ta.a. (n«4). 
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DESCTIFTIOW OF THE PREFERRED EMBODIMENTS 

As dtacrlbtd abova, ch« pr«s<nc invention provlJts •scrualon 
Ctehnlquts for producing: I) populaciono of tubtc«ntially 
vnlUaollar liposeats; and 2) popul«clont of lipooosts having tub- 
S fcancially unlaodal discribucions (horeinafcor raftrrtd to as cht 
"imllaaallar** and **unlaodal'* aapaeta of tht Invancion, rtspteclva- 
Ij). In addition, tht invtntion allovt lipotoots to bt productd 
without tht utt of any aoIiMntt. dtttrgtnta or othtr txtrantout 
-oattrlala (htrtinafttr rtftrrtd to at tht **aolvtnt frtt** asptcta 
10 of tht inytncien). 

Tht populttions of aubatanclally unllantllar lipoaoats 4Tt ' 
productd by aubjtcting prtvioualy forntd iiposomta to aultlplt 
txtruaiona at aodtratt prtasurta through a filttr having a port 
tiat of Itaa than or tqual to about 100 na« 
IS . Tht prtvioualy tontd liposo'sta can havt a varitty of eoapo- 

aitiona and can bt prepared by any of tht ttchniquta now known or 
aubatqutntly devtloptd for preparing llpoaoota. 

For txamplt, tht previously formtd lipoaoa^a can be fomed by 
the conventional technique for preparing KLVs» that ls» by depoa- 
20 iting one or nore atlecccd lipida on the Inalde walla ot a suit- 
able vtaatl by dlaaolvlng cht lipida in chlorofora and than tvap- 
orating tht chloreforai, adding cht aqutous aoluclon co bt 
tncapaulactd to cht vtssel* allowing cht aquecua aolucion co hy- 
dratt tht lipid* and awirling or vorcexing tht resulting lipid 
23 auaptnaion to produce the deaired liposoaea, Thla technique en- 
ploys the aoat gentle conditiona and the alapltat equipaent and 
proetdurta known in tht art for producing lipoaoats. Also» this 
ttchniqut aptcifically avoida tht probltaa wich a^ication or tht 
ust of dattrgtntSt solvtnts (othtr than ehlorofora) or othtr tx- 
30 trantous aattrialsv discusstd sbovt. 

Alttmativtly, in accordanct with tht solvtnt frtt septets of 
ths ?rtstac invtntion. tht lipoaoata which art to bt rtptactdly 
txtrudtd through tht filttr can bt pr#partd by siaply aixing a 
lipid powdtr or ptlltt snd bufftr togtthtr and thtn dirtetly 
33 axtruding that aixturt through tht filttr* Zf tht filttr has a 
pers sisa tf Itas than about 100 na, this proctdurt produett 
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unllMtllar llposoatt, vhilt if th« port •!<• is tubtCdncially 
grtftttr eh«n 100 na, aulCilMtlUr liposoots «rt produced. In 
•ich«r c«t«« tht proetdurt •liaintecs tha utt of til solvtncs, 
including chlorofora. 
S With rtg«rd co cht production of populacions of lipososct 

having lubtcancially uniaodal distributions • tha llposoaas asking 
up tha population can hava a variaty of eoepositions and can ba in 
eha fora of aultilaaallar, unllaaallar. or ochar types of 
liposoaeo or, aora generally • lipid-containing particles, now 

10 koevn or later developed. For exaapla, the lipid-containing par- 
ticles can ba in the fora of steroidal liposoaes, stable 
plurilaaellar liposoaes (SPLVs), aonophasic vesicles (KPVs), or 
lipid aatrix carriers (LKCs) of the types disclosed in copending 
and covmonly assigned U«S. Patent Applications Sarial Nos. 

IS 476,696, 321,176. 591,376 and 599,691, filed March 24, 1983, Au- 
gust 8. 1983, March 20, 1984, and April 12, 1984, respectively, 
the pertinent portions of which arc incorporated herein by refer- 
ence. 

The aean diaaecer of the population will depend on tha aanner 

20 ia vhieh the liposoaes are to be used. For example, as recognised 
by parsons skilled in the art, for diagnostic applications, aean 
diaaeters in the range of 100 na to 500 na are generally pre- 
ferred, while for depotlng of drugs, larger diaaeters, a.g., on 
the order of .300 na to 1000 na, are preferred, and for applies- 

23 tiona where endocytosis is dasirabla, snaller diaaeters, a.g., on 
the order of SO na to 100 na, are preferred. Slailar ranges have 
been recognised in tha art for other applications. See, for exaa* 
pie, Liposoaes , suprs . 

Mean diaaatera of populationa of lipoaoaes can ba aaaaured by 

30 varieua cachniquaa known in the art, including freese-fraeture and 
quasi-aiaatie light scattering. Aa diacuaaad abova and in sore 
detail below, quasi-elastic light acattaring ia preferred in Che 
context of the uniaodal aapeeta of tha present invention, and the 
valuaa for lipoeoee diaaatera reported herein In connection with 

33 those aspects were aeasured ueing this technique, 

Tha aubatantially tAilaodal population of lipoaoaaa ia pre- 
pared by repeatedly passing previously foraed lipoaoaes through 
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fllc«ra of « eonscinc port sist until cho «lt« diicribucion of tht 
populAClon In f«et bterata uoiaedal. It h«« bttn iurprlslngly 
found choe rjipttctd p«iMgtf chrough fllcora of « conscane port 
•lit etuttt blBodal aaptcta of cho original aiso diacrlbucion of 
5 tha lipoaomttt aa vtll aa any hightr sodal aaptcta* to tvtntually 
dlaappaar. For tht machod to vork» hovtvtrf it la ntctaaary to 
oaa ona pota alaa, and uaa it rtptattdly. 

Tha pravioualy fomtd lipoaoaaa can bt prapartd by any of tha 
taehnlquaa nov known or aubaaquantly davtlopad for praparing 

10 lipoaoaaa* For axaapla, tht previoualy foratd lipoaomta can bt 
forvtd by tht convtntional ttchniqut* diacuaatd obovt» for prtpar-. 
ing Bulcilaaallar lipoaoata (KLVa). 

Altarnativalyi ttehniquta uaad for producing larga 
unilaaallar lipoaoata (LUVa}t auch at. ravaraa-phaaa avaporation, 

IS infualon proctdurta* and dtttrgtnt dilution, can bt uatd to pro- 
duct tht prtviously foratd lipoaoata. A rtvitv of thtat and' othtr 
etthoda for producing Ilpoaoats can bt found in tht ttxt 
Lipoaoata , aupra , tht ptrcintnt portiona of which art incorporattd 
htrtin by rtftrtnct. Aa othar altarnativta, tht prtvioualy foratd 

20 lipoaoata can bt productd in accordanct with tht proctdurta dt- 
acribtd in U.S. Pactnt Applicaciona Strial Not. 476,496, 321,176 
And 399,691, rtftrrtd to abovt. Alao, rachtr than uaing lipoaoati 
ptr aa, othar lipid-eoncaining partielta, auch aa thoat dtacribtd 
in U.S. Patant Application Itrial No. 391,376. raftrrtd to obovt, 

23 can bt uatd in tht practica of tht prtatnt invtntion. Zn auch 
caaaa» tha rtaulting unioodal population will, in gtntral, not bt 
a population of lipoaoata, but rathtr a population having aiailar 
charactarlaclca to choaa of tht original lip id-containing parti- 
elaa uaad* 

3*0 Ztt ehooaing a tachniqua for producing tht prtvioualy foratd 

lipoaoaaa. It la iaportaot to aalacc ont that will not produca a 
aubatantlal nuabar of lipoaoaaa having a dlaaattr tignlf Icanely 
aaalltr than tht port altt aaltcttd for gtntraclng tht unlaodal 
population. Cthtrvlflt. it aay cakt an titrtatly high nuabtr of 

35 paaata through tht filttr to Incorporata tha aaall lipoaoaaa Into 
tha unlaodal population. Sinea aisa dlatrlbutlona for populatlona 
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of lipotomtt art rtUcivtly •anily dectraln«J, ntlvrtlnK .1 tech« 
nlqut which •AClaflat chit rtquirtatnc 1« Mil within the hIlIU o( 
ptrtont akiiXtd in cht Arc. 

Rachtr than uiing prtviously forscd lipoAontH nn the »c/irclnR 
S MCtriai* if dttirtdi cht tubttancitlly unimod^l popuUtlun of 
lipotomtt ctn bt preptrtd utlng cht tolvtnc free nppronch. dia* 
cutttd tbnvtt ThtC it» cht populacion of llpufiuoct rnn he prt* 
ptrtd dirtccly froa t lipid powdtr or ptiltc and bui'ltr by simply 
mixing chttt ingrtdltnct cogtchtr and chtn dirtccly patHtng chac 

10 aixcurt chrough filctrn of a ttltcctd port tixt n ^iifficitnc num* 
btr of clmta co achitvt tht denlrtd unlmodnlicy. 

Tht filctr uttd CO g^ntroct cht unilamellar lipoaonun nr cht 
unimodal ditcribuclon of lipotomtt in prtftrably of cht cypt which 
has tcraighc chrough channtlt. PulycArbonace filctrs ot' this cypt 

IS productd by Nuclcport. Inc., PleASAncon, CA, htvt bttn found co 
work successfully in Cht pracclct of Che prettnc Invtndnn. In a 
cyplcal procedure* che filcer may have Co he chnnged *ifccr Che 
first cwo or chrte pdssos of cht liposont suspcnston due Co port 
clogging. Clogging tn general dependj on such variable;* an lipid 

20 compoticion. purity and concentration, nn veil an on che prennure 
and flow rates used. 

The moat critical parameter In preparing unllanellar 
lipotomet in accordance with the pre:ient Invenclun Lh the sl^e of 
the fllcer*t channeLn. It hnfi been found that unilamellar 

25 lipctomtt cannot be produced from multilamellar liposomes, no mac* 
car how many ciaet che MLVs art pttttd chrough che filctr, if cht 
filctr*t port tizt is tlgnif icandy abovt abouc 100 nm, t.g., if 
Cht port tiat it abouc 200 nm (ttt Examplt J, infrt). According- 
ly, only filctrt having a port tixt tqual Co or btlow abouc 100 nm 

30 can bt uttd In conntccion wich chit atptcc of tht invtncion. 

At llluttractd in Examplt 6 btluw« cht tiat of Cht 
uniltrntllar lipotomtt preductd dtptndt on tht pert tiat of cht 
filctr uttd* tht mean diamecer being, in gentral« tomtwhac tmalltr 
Chan cht port tiat. If dttirtd, tht lipotomt*t mtan diamtctr, at 

33 wtU at chtir trapptd volumtt (ul ptr umol photpholipid) • can bt 
taaily inerttaad uting tht frtttt-chaw procedure ditcutatd abovt 
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(sit Alio bcABplt 4. Infr* ); Zaporcandy; slnet thla proctdurt 
dots not involv« eht utt of lolvtncs, dtctrgancs or ochtr txcra* 
n«eus MC«rlAlo« cho incro««t In llpotoat tlst la ooc ac cho tx« 
ptnao of Incroduclng conCABlnatlon and dtgradacion problcsa. 
Vaslcla alsa and trappad volusta can also ba ttanlpulaccd by vary- 
ing othar parameccra of eha ayscam, aueh aa» lipid eonposltlon. 

Tha numbar of pasats through cha fllcar needtd to produca cha 
daalrad unllamallar llpotomaa dapands on cha Hear eharaecarla- 
tlca (pora alsa» eoapoaltlon and gaoaacry) and cha aatarlala froa 
vhlch cha llpoaoats ara Co ba aada. Aa llluscraced by Exaapla 2, 
infra , flva or aora paaaas chrough a doubla scackad polycarbonaca 
fllcar having a pora alza of 100 na ara cyplcally raqulrad co ob- 
caln unilaatllar llpoaoats. Lass passes aay ba naadtd for aaallar 
port alsaa. For axaapla, vlch 30 na and SO na f Hears* cvo co 
four passas ara in gcntral sufflclanc co produca a aubscanclally 
unilaatllar populacion of liposoecs (sat Exaapla 6, infra ) ♦ Also, 
if cha goal is only to rtduea cht lanellaricy of cha population, 
rachtr than to achitvt substantial unilaatllaricy , lass pasaaa art 
nttdtd. Tht appropriata nuabar of pasats for any particular ays* 
eta can taaily bt dtttraintd by parsons of ordinary skill in tha 
art by siaply saapling tht finished liposoats to dtttraint whtn 
tht dtsirtd dtgrtt of laatllarity has bttn achitvtd. 

With rtgard to tht uniaodal asptcts of cht invtnclon, cht 
port aisa of cha filctr is cht prlaary dattrainant of cha atan 
diaatctr of cht final population. In gtntral, within approxlaatt- 
ly IS CO SO ptrctnc, cht atan diaattar Is approxiaataly aqual to 
cha pora aisa. Hovavar, for pora aizas balow abouc 100 na, cht 
atan diaaacar of cht populacion ctnds co Itvtl off ac abouc 7S na 
aa aaaaurad by quaal*tlasclc llghc seaccaring, irrtapaeciva of cht 
aptcifie port aisa uaad. Aa diaeuaaad abova, for pora 9iz%9 balov 
abouc 100 na, cha finiahtd llpoaoaas ara found Co ba aubacanelally 
unllaaallar, Irraapaeclva of cha laaallarlcy of cha original popu- 
lacion. For pora aista abova 100 na, aulcilaaallar llpoaoaas ra- 
aain aulcilaaallar and unllaaallar lipoaoaaa raaaln unllaaallar. 

Tha nuabar of passas chrough cha fllcar naadad co produca a 
aubscanclally uniaodal populacion dapanda on cha fllcar 
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eh«raettrisclei (pore tlztt coaposltlon and geomttrr) anU the m- 
cerlals from which the llpoaoBM are to ba oada. In lome case 
three to five paasea through double acacked polycarbonate filters 
ara sufficient to produce a unimodal population. As a general 
5 proposition, 25 passes through double atacked polrcarbonate fll- 
tera vlll produce the desired unisodal distribution for sost 
liposome preparations. The appropriate number of passes for any 
particular system can easily be determined by persons of ordinary 
aklll In' the art by simply sampling the finished liposomes to de- 

10 termine when substantial unimodaiity has been achieved. 

Passage of tne liposomes through the filter to produce the 
unifflodali unilamellar, or both unimodal and unilamellar population 
of liposomes is accomplished under pressure. Pressures of various 
magnitudes can be used depending upon the type and composition of 

IS the liposomes to. be. produced, .the specific characteristics of the 
equipment employed, and the rate at which liposomes ara to be 
produced. 

Kaximuffl pressures generally are limited by the pore size of 
the support used to hold the filter. For a filter support having 

20 a pore size of about 30 microns, pressures between about 100 and 
700 psl have been found to work successfully. These pressures 
produce intact liposomes, give high flow rates (on the order of 
20-60 ml/min for a double stacked polycarbonate filter having a 
pore aize of 100 nm), and produce homogenous size distributions. 

23 e.g., 60-100 nm diameter liposomes for a 100 nm filter. With a 
filter aupport having a pore size smaller than 30 microna, higher 
pressures can ba uaed. 

Aa with the number of^ passages through the filter, the appro- 
priate preasura for a particular aystem can be readily determined 

30 by persona skilled in the art by examining the flnlahed liposomes 
to determine if they are aubatantlally intact and have the desired 
unimodal dlatrlbution and/or unilamellarity* 

Pressures in the 100-700 psl range are alao preferred because 
they allow for the extrualon of solutions having lipid eoncen- 

33 trationa on the order of about 300 umols phospholipid par ml with- 
out aignifleanc filter clogging. frlor arc liposome aizing 
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c«chnlquts tmploylng polycArben«c« fllctrt uflcd prtssures less 
eh4n 100 psl, and thus vtrt llolctd to lipid conetncraeions of 60 
uaol/sl« Tht ust of high lipid concsncrscions hss rtsulced in 
trapping tffielsncits on tht erdsr of 30Z for the pr«stnc in- 
S vtntioo. Rspid axtrusiop ratts on tht ordtr of 20 ml/oin and 
abovt art still achitvtd for such high lipid conctntracions when 
prtasurts in tht rangt of 300-300 psi ara used. 

Flov ratts on tht ordtr of 20-60 al/ain do not rtprcstnt the 
aaxima f lov racas that ara achitvabla with tht prtstnt invtntion, 

10 but Btrtly rtprtstnt ratas consisttnt with convtnitnt colltction 
of tht txtrudtd nattrial. MaxiDua flov racts art stnsitivt to tht 
cenetntracion of lipid» tht hiatory of tht saapla (i.t«» vhtthtr 
it has bttn txtrudtd ont or aort tiata)» tht prtssurt aaploytd, 
and tht nacurt of tht lipida thtastlvts. For txaapltt **gtl stata** 

15 lipids cannot bt txtrudtd. Such lipida (t.g.i dipalaitoyl 
phosphacldylcholint (DPPC)) ausc bt htattd abovt thtlr gtl tu liq* 
uid cryscallint transition* ttmptraturt (41*C for DPPC) btfort cht 
txtrusion proctss can prcettd. 

At incrtastd prtssurt. cht txcrusion can bt txcttdingly rap* 

20 id. For txamplt, a S al disptrslon of SO rag/al tgg phosphatidyl- 
cholina (EPC) haa bttn txtrudtd through a 100 ntn pora sizt filctr 
in Itts than 2 steends at 500 psi» corrtspendlng to a flow rata of 
at laast ISO al/aln. This rata would bt Incrtastd furthtr by 
hightr prtssurt or ttaptraturt. 

2S Suitable apparatus for practicing cht prtstnc invtntion is 

shown in Figurts lA and IB. As ahovn in Flgurt lA, liposoat sus- 
ptnsion 4 which is to bt txtrudtd through filttr 6 is introductd 
into prtssurt ehaabar 2 by atana of injaction port 8. Tht in- 
Jtction port alao strvaa aa a ralaaat valvt. Prtaaura ehaabar 2 

30 1« fonad froa uppar portion 10 and lowtr portion 12 which ara 
connactad togtthtr by, for txaaplt. bolta U. A aaal batwatn 
thttt portient and filtar 6 la provided by 0-rlng 16* Frafarably, 
tht ehaabar la siada of eltar plaatic to that tht txtrusion of tht 
tusptntion froa tht ehaabar can bt visually obsarvad. Tht filctr 

33 la supporttd irlthin ehaabar 2 by filttr support 18. In praetiea. 
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It h«s b««n found convtnltnt to ust two scaektU polycnrbonatt fll* 
tors to fore flltor 6. 

Prtofuro Is supplltd to chsmbor 2 by usns of conduit 20 
which Is ccnnsctsd to « sourct of prtssurs. t.g.* a high pressure 
5 oltro|tn tank (not shovt^). Conduit 20 Includes valvs and regula- 
tor 22 for adjusting the pressure within ehsfflber 2. Tht sacerial 
extruded froo filter 6 Is reaoved from chaabar 2 by means of con- 
duit 24 and collected In receiving vessel 26. In practice, valve 
23 Is'closad prior to the time all of the suspension has been 

10 extruded from chamber 2 so as to prevanc high pressure gas from 
flowing through the system and blowing the suspension out of re- 
ceiving vessel 26. After having been collected In vessel 76, the 
extruded material Is repeatedly raturned to chamber 2 by means of 
Injection port 8, until the original population of liposomes has 

15 passed through filter 6 a sufficient number of times so as to sub- 
stantially Increase Ics unlmodallty and/or unllamellarlty. 

Figure IB shows a modification of the apparatus of Figure lA 
wherein the recycling of the extrudate Is partially automated. 
The apparatus shown In this figure .s used aa follows. 

20 First, a flltsr 6 Is Installed In the apparatus by removing 

threaded retainer plug 5, filter support housing 9. and 0-rlng 16 
from alujilnum housing 7. A filter Is then placed on the filter 
support and the components reassembled with plug S being tightened 
until 0*rlng 16 Is compressed against inner plexiglas housing 11 

23 contained within outer aluminum housing 13. If desired, a porous 
drain dlac (not shown) can be placed undar the filter. 

A sample Is then loaded Into receiving chamber 3 by rotating 
load/recycle/dlscharga valve IS until load/dlacharge tube 17 is 
aligned with Inlet port 19. and by rotating pressura/vtnc valve 23 

30 until vent port 23 Is aligned with axhauat port 21. A aample can 
than ba Introduced Into the recalvlng chamber through 
load /discharge tiiba 17. Most conveniently, this Is dona by at* 
taehlng a short Isngth of flexible tubing and a hypoderalc syringe 
to load/discharge tube 17. 

33 Once the ssmple haa been completely loaded Into receiving 

chamber 3* It is transferred to pressure ehsmber 2 by depreeslng 
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trtnsftr v«lvt 27. Tht tampit it nov rt«dr for «xcruslon through 
fUetr 6. To ptrfora Cht txcrutlont prt«iurt/v«nt valvo 21 la 
roeactd uncil m« inlac port 31 la allgnaJ vieh praaaurt port 33. 
and load/raeycla/dlaeharga valva IS la rocatad to a poaitlon where 
racycla port 37, forstH In valva IS. la aligned at one and with 
Ifilac pore 19 and at the other and with bypaaa pore 29. Cas Inlec 
port 31 la connected to threaded aperturt 3S vhlch aarvaa to con- 
neee the apparatua to a valved and regulated external aource of 
high preaaura gaa, e.g., a valved and regulated high preaaure ni- 
trogen tank (not ahovn). ^ 

Preaaure la then applied to preaaure chaabar 2 cau8l;ig .the 
aampla to paaa froa that chamber to receiving chaabar 3 by way of 
filter 6. bypaaa port 29, recycle port 37, and Inlet port 19. 
Thla accoBpUahea one extruaion of the aaaple through the filter. 
Flow froa preasura chamber 2 to receiving chaaber 3 can be visual- 
ly observed through plexlglas housing II, and the amount of pres- 
sure applied can be adjusted to achieve a gentle flow« 

Once all of the sample has been transferred to receiving 
chamber 3, the valve on the external source of preaaure is closed, 
and pressure/venc valve 23 la rotnted to f irat bring vent port 25 
into alignment with exhauat port 21 nnd then into alignment with 
pre-^ure port 33, thus venting both receiving chamber 3 and prea- 
aure chaiiber 2. The sample can nov be reintroduced to pressure 
chamber 2 by aimply depreaaing tranafer valve 27. With the aaaple 
in preaaure chamber 2, tha extruaion process la repeated following 
the proeadurea deacribed above for tha firat extruaion. Note that 
with tha aaaple in the receiving chamber and with both chambers 
having bean vented, a new filter can be inacalled. If deaired, 
following the proeadurea deacribed abova. 

Once tha receiving chamber - preaaure chaabar - receiving 
chaaber cycle haa been repeated the deaired number of tlaea, the 
aaaple la dlaeharged froa the apparatua through load/diacharge 
tuba 17 by flrat aligning gaa Inlet port 31 vlth axhgugc port 21 
4ni load/diacharga tube 17 with inlat port 19, gnd than applying 
preaaure to the ayatea froa tha axtamal praaaura gourea. In 
practice, the external preaaura la ahut off befora all of tha 
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•upU h«« l«fc chamber 3 Co avoid high gas flows ac ch« cnJ of 
cht tvacuadon. Rachtr than using load/dlachargc cubt 17, cha 
saopla can alao ba raaovad by dlsaasambling ehraadad racalnar plug 
S* filttr support housing 9t tnd 0-rlng 16 froa alualnum housing 
3 7> and than daprasslng transfar valva 27 to causa tha saopla to 
flov Into tha prcssura chaabar and out tha bottoa of tha appara- 
tus. 

If daslradt tha apparatus shown In Flgura IB, or aqulvalenc 
apparatua* can ba aqulppad wlch convantlonal aucoaatlc fluid 

10 handling aquipeent and concrola to achiava a coapletaly autoaacad 
proca.ss. Alao» co as to ba abia to aaintain tha taaparatura of 
tha saopla abova tha gel to liquid crystallina transition taapara- 
tura of tha lipids used, tha pressure ehaobers of whatever equip- 
aent Is employed can be heated using a water Jacket or siallar 

IS device. 

Vichouc intending co limlc Ic in any aannar, tha present in- 
vention will be more fully described by the following examples. 
The materials and methods which are cocoon to the various examples 
presented below are as follows. 

20 Materials and Methods 

Lipids * 

Egg phosphatidylcholine (EPC) nnd soya phosphatidylcholine 
(SPC) were isolated employing standard procedures (Singleton, et 
al«» Journal of the American Oil Chealcal Society . £2:53 (196S)). 

23 Correaponding varieties of phosphatidylathanolaaina (PE) and 
phoaphatidylaarina (PS) were prepared froa CPC and SPC to produce 
EPE. SPE. EPS and SPS (aee Comfuriua. P. and Zwaal* R.F.A. (1977) 
Blochia. Blophya. Acta . 488:36-42). Tha lipids froa tha soya 
source are cooaidarably aore unaaturated than those derived froa 

30 tPC» due to the high content of llnolaic acid in SPC (aea Tllcock, 
C.P.S. and Cullla, P.R. (1981) Biochim. Blophya. Acta , 
6M: 189-201). All liplda vera aore than 99Z pure aa detaralnad by 
TLC. Acidic phoapholipida (PS) ware converted to tha aodiua salt 
fora aa daaeribed in Hope, H.J. and Cullia, P.R. (1980) Biochea. 

35 Biophye. Res. Coaaun. , 92:846-852. Cheleatarol (Sigaa. St. Louie) 
vaa uaed without further purification. 
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Dtctralnation of Trapptd Voluati 

To dattralno trapptd voluatt, suItilMtlUr vtsiclts vtrt 

prtptrtd in oceerd«ne« vlth ch« proctdurts d«terlb«d In Cx«aplt 1. 

22 14 

Infrtt but In Cho prtitnet of 1 uCl of M« or C*lnulln (NCN» 
S Canada). UnllMiIl«r llpotoa«t vert thtn prtp«rtd froa ch« 
BulcilMtllar llposoats, agiin folloving tho proctdurts of Cxaaplt 

An allquoc (100 uD^vtt thtn lotdtd onto a Stphtdtx C-SO col* 
uan paektd in a 1 al dlapotablt tyriogt* and vtaicltt tluttd by 

10 ctntrifugation of tht eoluan at SOO t 3 aln. Stt Piek» 'o* 
(1981) Arch. Blochta, Blophy»> . 212:136-194, In tht cast of ^?Ha 
this was sufficitnc to rtaovt all tht untrapptd aattrial. Hovtv 
tr» to rtaovt all tht untrapptd inulin this proctdurt vas tithtr 
rtptattd onct aort or a singlt pass through an Ultragtl coluen 

IS (LKB - ACA34) vas taploytd. Aliquots of tht tluttd aattrial vtrt 

assaytd for lipid phosphorus according to tht atthod of 6ottchtr« 

C.J.F,, Van Ctnt. CM. and Prits, C. (1961) Anal. Chia. Acta , 

24:203-204; trapped ^^Na vas dtctmirtd taploying a Etckaan 6000 
~ 14 

gaaaa counctr and crapptd C inulin vss tstiaattd using a 
20 Phillips PU-4700 liquid scintillation eounttr. Trapptd voluats 
vtrt thtn calculactd as ul of trapptd voluat ptr uaol of 
phospholipid. 

^^P Nucltsr Magnttic Rticnanct 

^^P HHR vas taploytd to providt an indication of tht txetnt 

23 to vhich tht vtsiclt prtparacions vtrt unilaatllar. Sptcif ically* 
Kn^^ vas addtd to tht vtsiclt dispersion (3 b1» 30-60 uaol 
phospholipid ptr al in a 15 am diaatttr NKR tubt) at Itvtls (5 aM) 
sufficitnt to breadtn btyond dtttetion tht ^^P TOA signal froa 
thost phospholipids facing tht txttmal atdiua* If tht vtticltt 

30 ara largt and unilaatllar, thtn approxiaattly SOZ of tht aignal 
ahould rtaaitt folloving tht addition of )ti'^« Tht iaptntability 
of tht vtaicltt to Kn^^ vas dtaonstrattd by folloving tht 
tiateouraa of tht tignal inttnaity, vhich for tht PC systtas in- 
vtstigatad vas found to bt stablt ovtr a ptrlod of days. Sptctra 

33 vtrt obtaintd taploying a Bnakf r VP 200 KHR tptetroatttr optratisg 
at 81 MRs. Accuaulattd frtt induction dtcays eorrtsponding to 
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1000 trAM Itocfl v«r« eolltettd using • IS ustc 90* r«dl6frtqutncy 
pulM, g«etd proton dseoupllng and « 20 KHz tvoop vldch. An tx» 
poDoncUl sulClpllCAClon cerrtspondlng co « SO Hs Ilncbroadcning 
VIS sppllsd prior to Fourisr trsnsformstioa. Signal inttnsities 
5 vsrs asssursd by cutting out and vsighing sptctra with 
triphsnylphosphits (in a small esntral capillary In ths HKR tube) 
as a rsftrsncs. 

Datsrttination of Vesicls Stit DlJtributions 

Vasiela siss distributions for Examplss 1-7 and part of 
10 Exampls 8 vsrs dstsrsinsd by frscss-fraeturs. Vssicls prspara* 
• tions vsrs aixsd vith glycerol (2SZ by volums) snd frossn in a 
frson slush. Samplss vsrs fractured and raplicatsd soploying a 
Balzsrs BAF 4000 apparatus » and micrographs of rsplicas vsrs 
obtainsd using a Phillips 400 slsctron microscope. Vesicle sits 
IS distributions vsrs detsrminsd by measuring tha^diamstsr of frac- 
tursd vesiclss that vsrs SOZ shadovsd according to ths procedure 
of van Venetie et el.. (1980) J. Micros^ , 118;401«408> 

Vssicls size distributions for part of Example 8 and Examplss 
9-10 vere determined using quasi-elastic light scattering, also 
20 known as dynsmic light scattsring or photon-corrslation 
spectroscopy. 

As known in the art, this tschnlque involves passing coherent 
light I e.g.» light produced by a helium-neon laser* through a sam- 
ple of the suspended vesiclss and msasuring the time dependent 

2S fluctuations in the intensity of ths light seactsrsd by ths 
vssicles. An sutocorrslation function is thsn ealculatsd from 
this data. As can be shovn theoretically « this sutocorrslation 
function is dirsctly rslatsd to ths diffusion cosfficisnts of ths 
vssiclss in the sampls, vhich In Cum ars a function of ths 

30 hydrodynamic radii of ths vesicles. Accordingly! diffsrent 
veeicle size distributions viU produce diffsrsnt autocorrslstion 
functions. 

In prseticst unique particle size distributions ars not ob- 
tainsd dirsctly from autocorrelation functions. Rather* a dis* 
3S tribution la assumsd for the vesicles, and a determination is then 
made as to hov vail ths sutocorrslation function ealculatsd from 
the messursd data fits^the sutocorrslation function that vould be 
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preducad if tht vtileUs in ch« tAmplc accutlly tud cht astuatd 
dlscrlbutlon. 

Sp«elflcallyt if ic ia astuatd that ch« incan«icy*vtighctd 
discribueloa of cht diffusion cooffieitnca of cho vaticlts it t 
S uniBodal Cauiiian diacribu€ion« ch«o ic can bt ahovn Chaoracleally 
Chac A aacond ordar polynooial, i.t.» a polynonial in povtra of c 
up CO C^t vill axaecly fic tha natural Ht^rl^^a of tha 
auCoeorralacion function* Sat D.E* Koppal» Journal of Chemical 
Fhyaiea , 37:4814 (1972). Aecordinsly* tha axeane Co vhieh a aac* 

10 ond ordar polynomial, i.a«» a quadratic, in fact doaa fit tha nat- 
ural logaritha of tha autocorrelation function for a particular 
aaapla is an accurata measura of the extant ro vhich tha diffusion 
coafficienta of tha veaiclea in tha aaapla hava a unlaodal 
Gaussian distribution. As used in the art, this procedure is of- 

iS ten referred to as a cuaulanta analysia of^the autocorrelation 
function. 

Aa known in the art, it is a straightforward matter to 1) 
determine the natural logaritha of an autocorrelation function, 2) 
CO fit a aacond ordar polynoaial to tha natural logaritha, and 3) 

20 CO deteraine the goodneas of fit of that polynoaial to that loga- 
rithm. Accordingly, che Gaussian distribution approach is at pre- 
aenc the aoat practical way to characterise and coapare popu- 
lationa of vesicles, and thua it ia tha approach uaed herein in 
connection with the unlaodal aspects of tha present invention. 

23 Specifically, in accordance with those aspeeta, a population 

of lipoaoaes is considered to be substantially ''unisodal" when the 
logaritha of ita autocorrelation function fita cloaely to a aacond 
ordar polynoaial. In tha axaaplaa preaantad below, auto- 
eorrelacion funeciona were obtained uaing a Mieoap Hodal 200 Laser 

30 Particle Sisar (Nieoap Xnatniaenta. Inc.. Santa Barbara, 
California). Thia aquipaent uses tha atandard aathod of 
laaat-aquaraa for curve fitting and raporta goodnaaa of fic aa a 
Chi' value darived froa cha deviations between tha logaricha of 
tha autocorr.alation function and tha valuaa pradietad by tha aae- 

33 ond ordar polynoaial. Valuaa of ehi' in cha range of 0-2 indicata 
s food fic of cha data by tha aaauaed unlaodal Cauaaian dia- 
tribution, while high valuaa of ehi' indicate o poor fic. 
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For A good fit, «n csciffiAtt of cht sctndtrd devUcion of eht 
dlserlbucion can bt dtrlvtd from tht oquart root of eht cotffl- 
cl«nc of cht stcond ordtr ctrm of tht polynomial. For dls- 
trlbucloat having a good fit, thla taclmact la rtporttd in tht 
S txamplta, vhilt for poor flta» tht tatimatt la not rtporctd, 
aioctt although a valua can bt calculattd, auch a valut dota not 
in fact aarva aa an tatimata of tht atandard dtviation. 
Othar Chtmicala 

Xnulin. ptriodie acid, aodium-m^araanitt » tyraalnt, G-2S 
10 StphadtXt aodlua cyanoborohydridot aodium borohydrida, and cholta* 

tarol vtrt obcaintd from Sigma. Ultrogtl Ac3^ vaa obeaintd from 

125 

Fharmaeia. carritr frtt Na I (100 mCi/ml) vaa aupplitd by 

Aatraham and iodogtn vat^ obcaintd from Pitret. All ochtr chtmical 

vtrt of analytical gradtl 
15 Exaaplt 1 

Preparaclon of Unilagtllar Lipoaomta 
This txanplt illuacratcs tht prtparation of largt unilastllar 

lipotomtt uaing tht txcruaion mtchod of tht prtatnt invtntion. 

For taat of rtftrtnet, llpoiomta prtpartd in accordanct vith this 
20 ttchniqut art rtftrrtd to htrtin by tht acronym **LUVETa,** i.t., 

Largt Unilaatllar Vtslelts by Extruaion Ttchniquta. 

Largt ttuleilamtllar vtslelta (KLVa) vtrt prtpartd by tht eon« 

vtotional procttt aa follova. Firat, lipid diaaolvtd in 

chloroform vaa dried down and dtpoaittd aa a film on tht inaidt of 
23 a taat tuba* Tha KLVt vtrt thtn formtd by aiaply adding an aqua- 

oua bufftr of ISO mM HaCl, 20 mM HEPES, pH 7.S» to tht ttat Cuba 

and hydrating tha lipid by vortax mixing, 

Tha raaulting KLV ditptraion (2-10 ml) vaa than crantfarrad 

late tha praaaurt chambtr of tht apparatua ahovn in Figurt 1A» 
30 tquipptd vith tvo atackad atandard 2S mm polycarbonatt filttra 

having a 100 nm pora aiaa (Nucltport* Inc.* Pltatanton* 

California* Catalog # 1 10603) • Nitrogan praaaura vaa appliad to 

tha chambtr via a atandard gaa cylindtr fitttd vith a high prtf 

aurt (0-4000 pai) rtgulator. Tha vaaiclaa vara txcrudtd through 
35 tht filttr amploying praaiurta of 100*700 pal raaulting in flov 

ratta of 20-60 ml/min* and vara colltettd and ra-injtcttd. 
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Rtpttitlen of tht txtn^lon proetdurt fiv« or sort cla«t rttulctd 
In tht production of Itrgt unllaatllar lipofoaot having dltmtctrt 
of approxlMttly 70 na «• nttfurtd by froozo fracturt. Tht 
ovtrall txtrualon proetaa Including racycllng gtntrally took 
S flftttn alnutta or Itaa* 

Tht following axaaplta dttcrlbt In dttall tht alxtt 
unllastllarlty» trapptd voluaa, trapping tfflcltncy and Influtnct 
of varloua lipid coaposltlona on llposoBta productd by tht fortgo- 
Ing proetdurt. Alao» tht off tcta of a frttst-thav proetdurt on 
10 trapptd voluat and tht erltlcallty of fllttr port altt art lllut- 
trattd. 

Examplt 2 
Crltlcallty of Fllttr Port Sl2t 
Thla txaaplt dtaonstratts tht crltlcallty of fllttr. port alzt 
IS In producing unllaatllar llpososta, and. In particular, tht crltl- 
callty of using a fllttr having a port altt of Itsa than or tqutl 
to about too na. 

EPC KLVa w^rt prtpartd In aceorj^nct with tht proctdurta dc- 
icrlbtd In Exaaplt 1 and than rtptattdly paaatd through 
20 polycarbonatt fllttrs having port slzta of 100 and 200 na, Tht 
unllaatllarlty of tht resulting llposoats was dtttralntd using tht 
^^P NMR ttchnlqut dtserlbtd abovt. Tht results art shown in 
Flgurt 2. 

As shown In that flgurt, for vtslclts passtd through tht 2C0 
25 na fllttr. tht signal Intensity drops to approxlaattly 6SZ after 
flvt passts through tht fllttr and than rtaalna rtlatlvtly eer.- 
atant. For tht 100 na fllttr. on tht othtr hand, tht signal drops 
to approxlaattly SOZ afttr flvt or aort paaata. 

Slnea a drop In algnal Inttnalty to about SOZ Indicates that 
30 tht llposoats art tubstantlally unllaatllar* vhlla a drop to only 
6SZ Indicates substantial oultllaatllarlty, thtsa rtaults shew 
that tht 100 na fllttr auccttda In producing unllaatller 
llposoaes. as desired, vhllt tht 200 na fllttr contlnuts to pro- 
duct significant aaounta of aultllaatllar llposoats Irrttptctlvt 
35 of tht ouabtr of pasaea through tht flltar. 
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This eonelutloa is eonflratd by tht f rttxt-fraccurt aicro- 
graphs shovQ In Flgurs 3.. As shown in thsc fiturt, vtslclts 
ferasd from S?C, SPC-SPS (1:1) snd SFE-SPS (111) (Figurss 3(«). 
(b) «nd (c)» rsspseclvsljr) using « 100 na filcsr do not sxhlblc s 
S significsoc ouabtr of eross-frsccurts (less thsa O.IZ) indicsclng 
ehs sbssnes of inner Isasllss. In eoncrsse, cross-frsccurss art 
rssdily obssrvsbls for SPC vssielss procssssd chrough • 200 na 
filcsr (Figure 3(d)). 

Th'sss rssulcs clearly establish chat in seeordanee vich the 
10 prsssnc invention, unilaaellaricy depends upon ths uss of a filtsr 
having a pore siss on the order of 100 nm or belov. 

Example 3 

LUVET Diamacerst Trapped Volumes and Unilaaellaricy 
This exaaple deaonscratts that the procedures of ths prasent 

IS invsncion vhsn used vith 100 na filters rsproducibly result in ths 
production of a ralatively hoaogeneeus population of LUVa for a 
variety of lipid constituents. Vesicle diaaeters and trapped vol- 
UBss vsre deterainad by the aethods described sbove. The results 
ars shown in Figure 4 and Table X, infra. 

20 The half-tone columns in Figure 4 show the vesiels diaaetara 

aeaaured for SPC LUVETs which were prepared by passing KLVs pra- 
pared In accordance with Example 1 through two (atacked) 100 nm 
pore siss filters ten times. Table Z ehows in sumaary form the 
measured mean diametera and mean trapped volumea for this and oth- 

25 er lipid compositions. As s control, EPC LUVs wsrs pr spared by 
two procsdurss (octylglucosids dstsrgent dialysis and rsverse 
phase evsporstion) which era gsnsrally accsptsd co producs 
unilamellar vesiclss, and the LUVa ao produced were then extrudad 
tea times through cwo (stacked) 100 nm pore aise filtera. See 

30 KisBS, l.T.t Zampighi, G^, Nosaki, T., Tanford, C. and Rsynolds. 
J.A. (1981) Biochemistry . 20:833-840 and Ssoka, F. and 
Papahadjopoules, 0. (1980) Ann. Kev. Bioent. , 9 t 467-508. The 
results for thsss controls ars also shewn la Table Z« (It is of 
intsrsst CO nets with regard to Che generality of Che pressnc In- 

3S venciott chac when che occylglucoeide procedure was employed Co 
make vesicles consiscing of EPC/cholesterol (l:0.25)» 
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culcllASflUr vtslelts vtr« foratd. vhtrtis vlch cht proctdurt of 
th« prtttnc Invtncion and cht s«mt lipid coniticutncs, subicm- 
Cially tifiilMtIl«r vtsieltt vtrt foratd.) 

Tht vtsiclt diaetctr discribucion thovn in Figurt 4 can bt 
S uttd CO dtctrmint ealeultctd valuta for trapptd voluata and aoounc 
of inntr sonolaytr phoapholipid by raaaualng 1} an arta par 
pheaphelipid aoltcult* t.g.t 0.6 na' (att Schiartn, H., Rudolph, 
S.» Finktlactin, M. • Colaaan. P. and Vtlaaaan. C. (1978) Bloehia^ 
Btophyi. Acta. . 5£2: 137-153) ; 2) a bilaytr chiekntaa, t.g,, 4 na 

10 (Mt Blaurock, A.E. (1982) Blochia. Biophya, Acta> . 630: 167*207); 
and 3) chae eha vtsiclta art unilaatllar. Thtat calculactd valuta 
can chtn bt coapartd vlch tht txptriatntally obatrvtd crapptd vol- 
uatt and aaounca of innar eonolaytr phoapholipid to dtctrmint cht 
proporcion of unilaatllar vtalclta prtatnc. 

IS Following chit approach for Cht vtaiclt aizt diacribucion 

ahovn in Figurt 4 (half Cont)» ic was dtctraintd .chac auch a 
vaaielt population (if unilaatllar) would havt an "Inntr 
aonolaytr" aignal inctnalcy (afttr cht addition of Mn** ) of ap- 
proxiaactly 43Z of cht original ir.ctnaicy and chac cht crapptd 

20 voluat would bt approxiaactly 1.6 ul/uaolt. Thit ia in rtaaonablt 
agrttffltttC w^ch cht ataaurtd valuta of stqutactrtd phospholipid 
(48Z) and crapptd volunt (1.2 : 0.2 ul/uaol) In vltw of tht nuabcr 
of aaauapciona eadt* and, in parcicular» in vltw of cht difficulty 
in taciaacing cht arta per phospholipid aoltcult which can grtacly 

2S affaec cht crapptd volunt txprtsatd as ul crapr*^d par uaolt of 
phoapholipid. 

Coaparing cha calculactd crapptd voluat valua of 1.6 ul/uaolt 
wlch cht tacptriatncal daca shown in Tablt I rtvtala chac LUVETa 
coapoaad of SPC anJ CPC txhiblc crapptd voluata aaallar Chan chosa 
30 tzptecadi whila if a chargad phoapholipid aptcita auch aa 
phoaphacldylsarint ia prtaanc. cht chtortcieal crappad voluat ia 
achltvtd. 

Two posaiblt rtaaons for cha low crapptd voluata obatrvtd for 
EPC and SPC LUVETa ara chac chart ara a aignlfieane nuabtr of 
33 aulcllaaallar vtaielaa praatnc in cht populacion, or chac chara 
ara a graacar proporcion of aaall vaalelaa praaanc Chan taciaactd 



tt W OWf ww*^w 



t 



•11- 

froa cht fritsa-fraecurt alcrographs. Tht frttzff racturt rttulcs 
•ugftac chac tha aumbtr of cultllamtllar vaalclaa la vary tull 
(laaa Chan 2Z), av«n if Ic la aaaumad that only SZ of fraccurtd 
Bulellaatllar ayacami axhlblt a croaa-fraccura (aaa R.C. Milltr, 
3 Hatura, 287:166 (1980)). On tha othar hand, an undaraaclBadon of 
cha numbar of amall vaaielfa la likaly. 

Horaovar, aa ahovn In Tabla I, tha crappad volunea saaaurad 
for EPC LUVa producad by cha octylglucoalda datarganc dlalytia 
proeadura and tha ravtraa phaaa avaporatlon procadura* vhlch vara 
10 aubaaquantly axcrudad 10 tlaaa through a filcar vich a 100 na pora 
aisOf ara coaparabla to cha crappad volusaa obcalnad for ch«^EP; 
LUVETa. 

Thaaa obsarvaclona, cakan cogachar, daaonacraca chac cha 
graae aajorlcy of vtalclaa producad by cha axcrualon cachniqua of 
13 Cha praaanc Invtnclon ara unllanellar, «van chough tha aaaturad 
crappad voluaa in carcaln casta la saallar Chan cha caleulacad 
valua. 

To aacabllah chac cha procaduraa of cha praaanc Invtnclon 
vhan uaad vlch f Hears having a pora jlza of 100 na produca LUVa, 
20 aa oppoaad Co SUVs, calorlaacrle acudlaa wtra conduecad on KLVa 
.and LUVETa eeapoaad of 16:0/16:0 PC (dlpalalcoylphoaphacldyl- 
chollna — OPPC). 

SUVa eoapostd of sscurattd phesphollplda , auch as, DPPC, ara 
known CO axhlblc a rtducclon in cha gal-Ilquid cryscallina Cransi- 
23 Cion caaparacura (T^) and a broadaning of cha cranaicion dua co 
Chair highly eurvtd naabranas. This high curvacura la ganarally 
conaidarad ondaslrabla bacauaa ic raaulcs in ineraasad disordar In 
tha aaabrana*a hydrocarbon raglon (aaa Schuh» J«R«, Banarjaa, U., 
Hullar. L. and Caan, S.I. (1982) Biochla. Btoohya. Acta . 
30 687:219*223). 

Zn ordar co aacarcaln vhachar cha LUVETa producad by tha pra- 
aant invantion ara auffieiantly larga to avoid tha problaaa aria- 
ing froa highly curvad aaabranaa» T^ valuaa vara caloriaatrically 
aaaaurad for KLVa and LUVETa praparad in aecordaaea vith tha 
33 procaduraa of Exaapla 1. Tha raaulta ara ahovn in Figura S. 
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A9 lUuftrattd In chls flgurt, tht MLVs and LUVETs txhlblc 
vtry slBllAr valutf of T^, Thtst valuts art eentlsctnc vlch chost 
raporcad io cha Ilcaratura. Saa Ladbreoka, B*0. and Chapaan. 0. 
(1969) Cham. Phya, Lipida , 3:304-367. Thay ara In dlracc contrast 
S to cha bahavlor obaarvad for aonieacad OPPC vaalclaat which axhib- 
it a breadanad gal-llquid eryacalllna cranalelen vhlch occura aoaa 
4*C balov cha aaltlng caaparatura of cha aultllaaallar ayattas. 
Saa van Oljckt P.V.M., da Kniljff. B.. iUrcs, P.A.M.M., VarklaiJ, 
A.J. and da Ciar, J. (1978) Btochla. Blophya. Acta . 506:183-191. 

10 Accordingly, tha unllaaallar liposoaas praparad by cha procaduraa 
of tha praaanc Invanclon ualng fllcars with a 100 na pora al^ ara 
proparly claaalfiad aa LUVa» rathar than SUVa. 

To taat tha atructural Intagrlty of tha llpoaeaaa produced by 
cha axcruaion proctaa of cha praaant Invantlon* LCVETa vara pra- 

IS parad in accordance vith tha procaduraa of Exaapla It but vlth a 
buffar having a NaCl concentration of 1 M» Inataad of ISO bH. 
Aftar preparation, the llposoaea vara placed in diatilled water 
creating a large osmotic pressure difference acroaa tha lipoaoaea* 
aeabranaa. Using arenaao III as a aarker for llpoaome leakage, 

20 essentially no leakage was found under these severe test con- 
ditions. 

Example 4 

Use of Freete-Thav Cvcles to Increase Trapped Volume 
Thla exaapla lllustrataa the use of a freeze-thaw procedure 
23 to increaae the trapped voluaes of the unllaaallar liposoaas 
produced by the present invention. 

SPC and EPC LUVETa prepared in accordance with tha procedurea 
of Example 1 ware aubjacted to two fraese-chaw eyelaa (aaploying 
liquid nitrogen) followed by axtruaion through q<*v 100 ne pora 
30 aisa flltara. Specifically* tha LUVETa ware placed io a plaacic 
vial* and tha vial placed in liquid nitrogen for approximately 1 
alnuta. Tha frosen LUVETa ware than thawed in water at rooa taa- 
per^cure for approxiaately S minutaa. Tha thawed aolution waa 
axcntded 3 tiaea through new 100 na filtera» aftar which the 
35 freesa-thaw-axtruda proceaa waa repeated a aacond ciaa. 
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Susatry rttults for ch« proetsa art In Tablt I. Da* 

calls of tha alza diaeributien of fratza-chavad SPC LUVETa la giv 
ao Id ritura 4 (aolld eeluana). 

Aa ahovn in Flgura 4« tha atan dlaaacar of tha SPC LUVETa 
5 Incraaaad by approxlaataly 20 na. Tha caleulacad trappad volusa 
for thla vaalela dlacrlbutlon la 2.3 ul/uaola vhleh la In axeal- 
lant Agraaaaat vlch tha aaaaurad valua of 2.2s0.l ul/uaol (Tabia * 
I). 

Evan hlghar trappad voluaaa vara aehlavad ualng a soya PC 
10 ayataa vharaln fraata-chavlng of LUVETa praparad by axtrualon (10 
tlaaa) through tha iOO na pera alza flltara, follovad by axtrualon 
(thraa to four tlaaa) through 200 na pora alza flltara« raaulta'd 
In trappad voluaes on tha ordar of 10 ul/uaol phospholipid. 

Exaapla S 

15 LUVET Trapping Efflclancy 

An laportant paraaetar of LUV praparatlona is thalr trapping 
afficltncy. This Is tsptclally ao whan tha agants to be trappad 
art althar axpanalva, aa la tha casa for aany druga, or hava lov 
solubllltlaa. 

20 Xn conntetlon with tha praaant Invantlon, It haa baan found 

that tha evarall proeaaa can ba aada to hava trapping afflelanelaa 
on tha ordar of 30Z« notvlchatandlng tha ralaclvaly lov trappad 
voluaaa of tha vaalelaa produced . by slaply Increasing tha lipid 
concentration of tha solutions used to prepare the LUVETa. 

23 Thla affect la deaenacrated In Figure 6 vhere the percentage 

of squeoua voluae trapped Inalda tha LUVETa Is plotted sgalnat 
lipid concentration for LUVETa prepared In accordance vlth the 
procedures of Exaapla I (aolld clrclea) and ualng the freeze-thav 
procedure of Exaapla 4 (open clrclea). 

30 Preparation of LUVETa at lipid concentrations of 300 

uaoles/al Is easily accoapllshed* giving rise to trspplng effi- 
ciencies on tha order of 30Z as ahovn in tha figure. It is Intar- 
aatlng to note that the freeze-thav cycle only glvaa rlae to slg- 
nlflcsnt Increases In trapped voluae per uaol of lipid at lipid 

33 concentratlona belov 200 uaol/al. Slallar obeervatlons hava been 
reported by Pick, U. (1981) Arch. Blochea. Blophys. , 212: 186-194. 
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Uit cf nicera Hiving Port Sift Utt Than 100 na 
this axtmpU llluscrttas th« affaeca of uaing filtara having 
pora aisas laaa Chan 100 tm on cha aisa of Cha lipoaoaaa produead 
S and on tha nuabar of paaaaa chrough cha filcar naadad Co achiava 
aubacancial unilanallaricy. 

KLVa vara praparad in aeeordanca vith cha proeaduras of Exao* 
pla I ualng agg PC ac a eoncancracion of 100 ag/al and uaing a 
buffar of ISO aH NaCl and 20 aH Hapaa (pH 7.5). Tha diaparaion 

10 vaa paaaad can ciaaa chaough cvo acacktd polycarbonaca fileara 
having a pora aita of aichar SO na or 30 na uaing cha apparaCHs of 
Figura lA. Aliquoca vara cakan afcar ona and afcar can paaaaa 
chrough cha axcnition davica and uaad co prapara fraasa-fraccura 
aierographa aa daacrlbad abova. Saaplaa (4al» 2S ag phospholipid 

IS par al) vtra also caksn afcar varioua nuabara of paaaaa and an* 
alyxad by ^^P NKR uaing Mn^* aa daacribad abova. Tha rasulca ara 
ahovn in Figuras 7-9, 

Aa ahovn in Figura 7. vasiclts axcrudad onca chrough cha SO 
na filcars loac 37 parcanc of chair P NKR aignal upon addicion 

20 of Kn^*^, vhila vasielas axcrudad onca chrough cha 30 na fileara 
loac 47. S parcanc. Thia indieacas chac cha vaaiclas p%tM%d 
Chrough cha SO na filters are larger and/or aore aulcilaaallar 
Chan chose paased chrough che 30 na filcer, a reaulc vhich ia con- 
firaed by che freese-f raecure aierographa ahovn in Figuras 8 and 

2S 9. Coaparlng cha upper porciona of r.hoae figuree (Figurea 8A and 
9A) ravaala chac Cha lipoaoaaa vhich vare paased onca chrough cha 
SO na fileara ara larger and aore irregular Chan choaa vhich vere 
paaaad onca chrough cha 30 na fileara. 

Afcar can paaaaa, che ^^P NKR aignal incanalciaa dropped by 

30 S3 And S6 pereenc for che SO na and 30 na fileara* raapaccivaly. 
Thia iadieacea chac boch fileara vara producing aaaeneially cha 
»aaa alaa lipoaoaea* Thia vaa confiraed by analyaia of 
fraese*fraccura aierographa vhich revealed chac boch populaeiona 
had an average diaaacer of 44 t 14 nat a diaaecer charac* 

11 cariaele of SUVa. Aa llluacracad by Figurea 8B and 9B, la o«eh 
eaae» che populacion produced vaa hoaoganeoua. 
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Comparing ch« eurv«s of Flturt 7 vlth €h« xurvr for tht 100. 
rm filctr in Figurt 2 rtvttli that eht ^^P HKR aignals tend eo 
lovcl off fatctr for tha fllcara vlch smallar pora aixaa. Accord- 
inglyt laaa paaaaa through tha axcrualon apparacua ara raqulrad co 
5 aehlava a populaclon of aubicancially unllaaallar Ilposoaaa with 
cha asallar pora alta filcara. 

txampla 7 

In Vivo Diatrlbuclon of Untlamallar liposomta 
Tbla axampla illuatrataa tha uaa of llpoaosaa praparad in 

10 aecordanca with cha praaane Invancion co dalivar ancrappad macarl- 
ai In vivo. In parcleular* It llluacracaa for a rac modal ayactm 
tha admlnlacratlon and aubaaquanc In vivo dlatrlbutloTv * of 
^^^I-tyramlnyl*lnulln (*^^ITI) containing LUVETa praparad In ae- 
cordanca vlch Exampla I abova. 

15 Tyramlnyl-lnulln vaa praparad aa follova. Znulln (l«pg) vaa 

dlaaolvad In 90.0 ml dlaclllad H^O and eoolad to 4*C, 10 ml 
(fraah) O.l M parlodle acid vaa %dd%d and tha aoludon vaa In* 
cubatad at 4*C for 15 mlnuCaa in tha dark. Parlodata conaumpclon 
vaa aaaayad by cha araanlca mathod l^^ilcaclng approxlmacaly tvo 

20 oxldatlona par Inulln molacula (aaa Dyar» J. In Machoda of Ble- 
chamtcal Analyala , P. Click (Ed.), Vol. 3, p. Ill, Intaraclanca 
(19S6)}. Tha raaeclon vaa carmlnaced by naucralisaclon vlch 
Ba(0H)2 And tha parlodaca and iodatc aalta vtra ramovad by 
cencrlfugaelon. To cha auparnacant 4.3 g NaH^PO^ and O.SS g 

23 tyramlna vara add«d and tha pH vaa adjuatad to 7.S vlch I. OH HCL. 
Subaaquantly* HaBH^CH (0.2S g) vaa addad and cha aoludon vaa 
acirrad for 4 hr ac room camparacura* Rao«lnlng aldahyda groupa 
vara raduead by caraful addlclon of 0.2 g NaBH^ and cha aoluclon 
vaa acirrad for anochar hour ac 27*C« Aliquoca (25 ml) vara 

30 dagaaaad undar raduead praaaura and appllad to a 1.5 x 10 cm 
Saphadax G«25 column pravloualy aquilibracad vlch RjO ac 4*C* Tha 
flov raca vaa adjuacad co 10 ml/hr and 4 ml fraeciona vara col* 
laccad. Tha fraeciona vara aaaayad for cyramina by menicoring cha 
abaorbanca ac 279 nm and for augar by amploying cha anchrona ra- 

35 aganc cachniqua (aaa ftoa, J.H. (1935) J. Bio. Cham .. 2l2i 335-343). 
Tha augar eoncaining fraccion alucad in tha void voluma and had a 
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con«inc tyrmlntrlnttlln maU ratio, of .0.6.. Th* adduct vtt coa- 
plocoly MparACod froa tha fraa cyraalna and ochtr aalca as da* 
caralnad by raehroaaeegraphy on Saphadax C-2S. Tha paak fraccloni 
vara lyophllltad giving an 80Z yiald. baaad on Inulln. 
S Tha tyraainyl-lnulln adduce vaa lodinacad aa follova. 2.3 ag 

of tha tyraainyl*lnulln adduet voro diaaolvtd in 0.2 al MEPES (20 
aH)» HaCl (US aM) pR 7.4 (HEPES buf farad aalina; HBS) and placad 
in m l^S al atopparad vial in vhich 40 ug lodogan had bacn pravi- 
' oualy dapoaitad froa 300 uL CHCl^. Than earriar fraa Na^^'l (4 

10 aCi, 100 aCi/al) vaa addad and tha raaetion allovtd to procada for 
4S ain at rooa taeparatura. Th« aolution v«a than tranafarrad to 
a vaaaal containing 10 ul 0.1 M H^^'^^O^^ O.OS M Kl vhich vaa than 
appliad to a (^23 coluan (1 x 20 ca) aquilibratad vlch HBS. 
Fraetlono (0.3 al) v«ra collactad and tho ^^^Z containing 

15 fractions aluting in the void voluaa (2.3 al) vsra poolad. Tha 
rtsulting ^^^I-cyraalnyl-inulin (^^'iTI) aolution routlnaly con- 
tainad 1 uC)./uL ^^^Ii vhara Itss than O.OIZ vaa in tha fraa iodida 
fora (lass than O.OIZ vas CHCl^ axtractabla vhan aada to 1.2Z KjO,^ 
and 0.4Z KI) and ovtr 99Z of tha acta: xal alutad as ona peak in 

20 tha void voluaa on ra-chromatography aaploying Saphadax C-23. Zn 
all atudias tha aatarial vas usad vithin 2 vstks of production. 

Liposoaaa loadad vlth ZTZ wtrt prcparad in accordance vlch 
tha procaduraa dascrlbtd above. Spaclf ically , 30 usol agg 
phoaphatldylcholina (EPC) and 30 uaol choltscarol vara drlad dovn 

23 froa CHCl^. Tha raaulting lipid flla vas disparsad in I al KBS 
containing 1 aCt ^^^ZTZ by vortax aixing. Tha aultilaaallar aya« 
taaa thua produced vara than axtrudad 10 tieaa through tvo 
(atackad) polycarbonate Kuclepore filters (100 na pore else) under 
preaaura (200-400 pal). Aliquota (0.1 al) of tha LUVETa vere 

30 appliad CO aa Oltrogel Ac34 coluan (1 al) previoualy equilibrated 
vlth BBS. The lipid containing fractiona vere pooled and 
rachroaatography indicated that aora than 97Z of tha ^^'zTZ vaa 
**crapped*' la the veaiclea. Tha raaulting llpoaoae preparation had 
a trap voluaa of 0.9 ul/uaol phospholipid aa ealeulaced froa lipid 

35 phoaphata analyaia and entrapped ^^^ZTZ (aee Fieke* C.H* and 
Subbarrov, T. (1923) J. Btol. Chaa. , 66:373-379). The average 
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radius of ch«st vtsleltf v«t 70 ns* The LUVETs contalnltui ITl . 
v«rt diloead to O.S uool phospholipid In 200 ul of HBS, scortd ac 
4*C and ustd vlchln 2 days of prsparatlon* 

Tha LUVETa vara adralaiatarad to faula Wlatar racs 
5 (150-200|)» which wara fad ad libitum prior to and during tha ax- 
parisanta. by lightly anasthatizing tha animals vlth achar and 
than Injaecing 200 ul HBS containing approximataly O.S uCi ^^^ITX 
aneapsulatad in LUVETs (0.5 umol phospholipid) via tha tail vain. 
Tha rata vara allowad to racovar in macabolic cagas vhara tha 

10 urina and facas vara collactad. At various timas post injaction 
tha rats vara anasthacittd vith athar and aacrificad by 
axsangulnation via tha vana cava. Blood vaa collaetad in «i 
syringa containing 200 uL 200 mM EDTA and racovary vas approxi- 
mataly 8SZ assuming 4,9 ml blood/100 g rat. Tha haart, livar. 

IS lung, aplaan and kidney vara^ removed and tha urina remaining in 
the bladder vas collected. The carcass vas then dissolved in 200 
ml 9 K NaOH at 70*C overnight. Aliquots of carcass digest and 
aamples of tissues vere then assayed for the presence of * I. 

figure 10 illustracas the clearance Irom the circulacion of . 

20 tha LUVETa and Che subsequent appearance of inulin in the urina. 
As shovn in that figure, the encapsulsted material in the circu* 
lation is initially rapidly reduced to approximately 40X of the 
injected levels, snd thereafter decays vith a much longer 
half-life (approximately 3 hr). Further, only 301 of the injected 

2S doaa is eventually found in the urine even after 3 days. This 
latter result clearly indicates tissue uptake and retention of 
LUVET encapsulated *^^XTI. 

The actual tiaaue distributions are shovn in Figure 11 vhere 
approximately SOZ of the in vivo XT! ia accumulated by the liv- 

30 ar, approximataly lOX by the aplaan and tha raat ia found in the 
eareaaa. Lass than 3Z ^^'iTI vaa found in tha heart, lung and 
kidney at any time poet injection (data not ahevn), 

Tha tlaaua diatributiona observed are similar to thoaa pravi- 
oualy observed vith liposomes produced by other methods (see, for 

3S axample, Abra, R.K. and Hunt, C.A. (1981) Biochim. Biophva. Acta , 
666, 493-503) t thus demonstrating that tha lipoaomaa of the 
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prtt«ac iQvtnclon «r« •qulvaltoc with rt|trd xm la vtvo .behavior 
CO prior art Ilpoaoaoi« 

Eacaaplt 8 

Solvtnc Frto Produceion of Lipoiottoo 
S Thla txaapla lllutcrACoa ch« production of lipotomtt dirtecly 

froa a lipid povdtr or ptllac and buffer vichouc cht ust of any 
aolvants or ochar axcranaoua saeariala. 

Ona hundred ag of CPC^ prepared aa daacribed above, vaa 
apoonad into, a teac tube» 1.0 al HEPES buffer vaa ^dd^d. and che 

10 alxture vaa Incubaced ae 20*C for 10 ainuce«« The aixcure vaa 
brlafly vorcaxed aixed for 2 ainutae» follovad by S ainutea vaic- 
ing tiaa* folloved by 2 ainucaa voreaxing» and che reaulclng ao.-* 
lucion addad co che prcaaure chaober of che apparacua of Figure 
IA« vhieh had baan fiecad vich cvo acaekad polycarbonace filcera 

15 having a pore aise of 100 na. The aolucion vaa extruded chrough 
Che filcera ten tiata ac a caaparacurt of 20*C« The preaaurea 
eaployad vera on che order of 200*300 psi» and Che raaulcing flov 
rataa vara on cha order of approxiaacaly 30 al/ain. 

Fraece fraccure aicrographa of cht raaulcing produce vere 

20 prepared folloving che proctdurea describad above. The produce 
vaa found Co be a homoganeoua population of aubacantially 
unilaaellar lipoaoaaa having a aean diaaecar of approxiaacaly 70 
na aa ataaured by fraaza fracture. If dtfiradi thia aaan diaaatar 
can be incraaaad uaing che fraexe-thav preetduraa of Exaaple 4 

23 above* 

Tha procedurea describad above vere raptated uaing 200 na 
filcara» ihacaad of 100 na filcera. In chia caae» praaaurea on 
cha order of 100 pal vara uaad» again raaulcing in flov racee of 
approxiaacaly 30 al/ain. Again, a heaegeneoua populacion of 

30 lipoaoaaa. vaa producad. buc in chia caae a aubacancial porcioo of 
Che populacion vaa Bulcilaaallar« rachar Chan unilaaellar. The 
aean diaaacer of chia populacion vaa approxiaacaly 168 &&• aa 
aaaaurad by quaal-elaacic lighc acaccering uaing a Nicoap Model 
200 Laaar Parcicle Siaer (Nicoap Znacruatnea, Inc.* Sanca Barbara. 

33 California) . 
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Exattplt 9 ^ 

Prtparatlon ef A Subtuntlilly Unlmodal PopuUt lon of llposoats 
Thla axtmpla illutcraeta tht prtparaclon of a population of 
lipoaoaaa having a aubacanclally unlmodal dlacrlbuelon. 

5 Urt« wiltllaBallar vaalelaa (MLVa) vara prapartd by cha con- 

vanclon*l procaaa aa foUowa. Flrac. tPC praparad aa daaerlbad 
abova waa dlaaolvad In chlorofora and drlad down and dapo^al^ad aa 
a flU on tha Inalwa of a t^ac tuba. Tha MLVa vara than foraad by 
alBply adding an aquaoua buffar of ISO wH HaCl. 20 aM HEPES, pH 

10 7. 5, to tha taat tuba and hydratlng tha lipid by vortax alxlng. 

Tha rtaultlng KLV dlaparalon vaa than tranafarrad Into tha 
praaaura chambar of tha apparatua ahown In Flgura lA, aqulppad 
with two atackad atandard 25 ob pblycarbonata flltara having a 
pora alsa of 200 nm (Nuclapora, Inc., Plaaaanton, California, CAt- 

15 alog # 110606). Tha dlaparalon waa axtrudad through tha flltara 
25 tlaea at a tamparatura of 20*C. Tha praaauras aaployad wara on 
tha ordar of 100 pal, and tha rtaultlng flow rataa wara on tha 
ordar of 30 nl/mln. Tha a'llng procadura waa complatad In lasa 
than approxlaataly 15 mlnutaa, and tha rtaultlng 'lipoaoaaa wara 

20 found to ba aubatantlally Intact, notwlthatandlng thalr many paaa- 
aa through tha flltara. 

Tha alza dlatrlbutlon of tht population at tht tnd of tht 25 
paaata waa dttaralntd ualng tht quaal-tlaatlc llghc acatttrlng 
ttchnlqut dtacrlbad abova . Tht rtaulta ara ahown In Tabla II, 

25 Infra . 

Aa ahown In tha tabla. tha population had a chl' valua of 
1.42 Indicating that a good fit waa achlavad by a atcond ordtr 
polynoalal, and thua that tha dlffualon coafflclanta of tha 
vaalelaa had a unlaodal Cauaalan dlatrlbutlon. Tha aaan dlaaatar 
30 ealculatad for thla population la 168 na, l.a.. about 15Z aaallar 
than tha 200 na pora alsa ^aad for axtrualon, and tha atandard 
davlatlon about tha aaan la i ralatlvaly narrow 55 na. 

35 
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Prtptration of Llpogoe»i Utlnj A Stoutnct of folyfrbonatt rilctra 
This «xtaplft dtmonacraets th« laporcanco of ualng flletrs of 
a conscaae port slit» «« oppottd co « stqutneo of flletrs of dt- 
S ertttlag port alxtt» co obcala t popultclen of llpoto&ts having t 
•ubtCAntltlly unlaodal alzt dlacrlbuclon. 

KLVa vtrt prtpartd ta In Cxanplt 9f but Inactad of btlng 
txtntdtd 23 data through flletrs having eht atat port al<t» ehty 
vtrt txerudtd enct ehrough t atrlta of flletrs hsvlng eht follov 

10 Ing port alsta: 1000 na, 800 Ba» 600 na» 400 na tnd 200 na 
(Nueltporti Znc.» Plttaancon, Callfomla. Ctetleg Kos. 110610, 
110609, 110608, 110607, and 110606). As In Cxsaplt 9, eht tppara- 
eus of Flgurt lA vss ustd, tqulpptd In ehls eaat vleh Juac t aln- 
git flletr for taeh fllctr alzt. Tht prtaauraa, flov raeta tnd 

IS preetaalng etaptracurt vtrt eht aaat aa In Exaeplt 9. 

Tht alzt dlatrlbuelon of eha llpoaoeta prtpartd In ehla etn- 
nar, aa, dtctralntd by quaal-tlaaelc llghe aeaeetrlng, la ahovn In 
Tabla ZX. In ehls caati « huga chl' valut of 368 vaa caleulactd, 
vhleh atana ehte s ateond prdtr polyncalal did not fie eht daca, 

20 and ehua ehae eha diffusion eotfflcltnes of eht llpotoats do aoc 
htvt t unlaodal Gaussian dlacrlbuclon. 

Coaparlng ehla rtsule vlch eht rtsulcs for Exsaplt 9 eltarly 
taeabllahta ehae sulclple pasata of llposoats ehrough flletrs of a 
eonaeane port alzt aurprlslngly product s naetrlally dlfftrtne 

23 alzt dlacrlbuclon froa chat productd by passagt of eht saat cypt 
of llposoatt ehrough s strlts of flletrs of dtertaalng pora alzt. 

Alehough aptclfle tabodlatnea of eht Invtnelon htvt bttn dt« 
terlbtd tfid lllutcractd, le It eo bt undtrteood ehte aodlfleselona 
eta bt aadt vlehoue dtparelng froa eht lavtaeloa*a tplrle tad 

30 teopt. For txaapla, eht Invtneloa can bt praeclctd vleh a vtrltcy 
of Btabraat feralng aaearltla tnd tnetpsulttablt tolucta ochar 
Chan choat illuaeractd la tht txaapltt. Slalltrly. vtriouo typta 
of tpparacua ochar chaa ehae Illuaeractd htrtla eta bt aatd Co 
prtcelct eht prtatae Invtacloa. In ptreleultr» btctutt taeh of 

33 let tetpa la taally eoaerollablt, eht Mthod of tht prtttat 
lavtncloa It ttpteltlly tulctd for lapltatnettloa la « toCtlly 



-41- 

4utOMCftd MnMTt «nd «ueh ImpItfitoCAClon !• sptelflcally Includtd 
within th« icopt of eh« lnv«nclon. Along tho»« smo lln«t, och«r 
cypos of oqulpstnc can bo uotd ee obtain outocorrtlotlon 
function*, and othor nuaorleol approoehoo can bo uiod to dtttrmlnt 
If tho autocorrtlatlon function la of tho typo that vould b« |tn- 
oratad fro» a Cauaalan dlatrlbutlon. Tho acopo of tho Invantlon 
aa daflnod In tho appandad^ elaloa la Intandad to covar thaaa and 
othar variation*. 
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TABLE I 



Fhyilcil Ch«r«cttrltttet of VMtel<t Product^ by Ixtnitlen of 
Varloui Lipid Wlictur>* throunh Fllfr* with • Per* Sif ef 100 na 



KEAN 
DIAMETER 



MEAN 
TRAPPED VOLUME** 



LIPID 


X IHTENSm* 


SS.D. 
(na) 


SS.D. 
(ul/unolt) 


CPC 


A8 


71124 


l.llO.l (64) 


SPC 


48 


70123 


1.210.2 (13) 

• • 


EPC/EPS (2:1) 


46 


73S2S 


l.S (2) 


SPC/SPS (2:1) 


KD 


73120 


2.4 (2) 


SPE/SPS (2:1) 


ND 


79136 


2.0 (2) 


SPS 


KD 


ND 


2.3 (2) 


EPS 


ND ' 


ND 


2.2 (2) 


CPC 

(Pr«tt«-eh«v) 


SI 


77sl6 


2.2S0.S (17) 


SPC 

(Fr««t«-eh«v) 


^0 


94*26 


2.2:0.1 (12) 


EPC 

(Occylilueesidt) 


49 


ND 


1.2S0.1 (3) 


EPC (REV) 


SO 


ND 


1.2 (2) 



* XnCiMity of ^^F*KKR tlgnAl rtaAlnlng in the prts«ne< of S sM 

Hci '• 



ttl/uaolo phofphollpld (numbtr of «xp«rlffl«aci In ptrtnchtfla) 



TABLE II 

Proyrtltt of Llpotoa^ Populatlont 
Mfiurad By Qua^l-Elaatle Lithe Scatf ring 



Conttanc DtcrtAtlng 
Pert Slz« Port Slzt 



M<tn OUatCtr 

(aia) 


168 


630 


Chl» 


1.42 


368 . 


Se«ndard 
Dtvlaelon 

(nm) 


SS 




Lipid 
Cenc«ncr«elon 
(ag/nl) 


10 


10 



* Tht valutf for o«An dl«mtctr» chi' And scandArd d<vUeion vert 
dtttralntd ualng t Kleomp Modtl 200 Uttr Ptrelelt Slitr (Nieomp 
Inserustnct, Inc.. Stnet Btrbtrt, CA 93111). Tht follovint input 
ptrtmtctrt wtrt uttd: |taptricurt — 20'C; viscotity — 1.002 
etncipoitt; indtx of rtfrtction — 1.330; Uttr vtvtltngth — 
632.8 ns; and tint of tnglt/2 — 0.7070. For boch ttct of stt- 
turtmtntt* tht inttrustnt vtt uttd in tht dtUytd btttllnt modt. 
For tht contttnt port tist attiurtatntt (Extaplt 9)$ t nin tiat of 
6.33 X 10^ atte vtt uttd* vhieh produetd t total count vtlut of 
9.08 X 10^9 and a channtl vidth of 20 utte vat ttttd» vhieh gtvt an 
autocorrtlatioa function having 1*98 dteayt. For tht dtertaaing 
port nlz% ataturtattttt (Cxtapit 10). a run clat of 6.38 x 10^ atte 
vat uatd* vhieh gave a total eouat value of 8.01 x lo'» end a 
ehanntl vidth of 70 utte vtt uttd» vhieh gave an autoeorrtlation 
function having 1.83 dteayt. 

Hot rtporttd In vitv of chi' value (ttt ttxt). 
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Wh«t is cUlmtd !•: 

1. A Btchod for reducing cht ItffltlUrlcy of a population of 
lipotoBot coapritinf ropctctdly passing cht liposoats undtr 
prsssuro through s filttr which has a pora sits oqual to or lass 

S thaa about 100 aa. 

2. Tha aathod of Claia 1 vharaia tha population of liposoats 
ia pasaad through tha filtar aora than two tiaaa. 

3. Tha aathod of Claia 1 vharain tha filtar has atraight 
through channala. 

10 4. Tha aathod of Claia 3 vharain tha filtar ia a 

polyearbonata filtar. 

S. A population of lipoaoaas vhosa laaallarity hds baan 
* raducad by tha aathod of Claia 1. 

' 6. A aathod for praparing a population of tubatantially 
IS unilaaallar liposoats eoaprising tha stapa of: 

a) praparing aulcilaaallar lipoaoaas: and 

b) rapaattdly passing tha lipoaoaas undar prassura through a 
filtar which has a pora sitt lass than or aqual to about 100 na* 

7. Tha aathod of Claia 6 vharain tha lipoaoaas ara passtd 
20 through tha filtar aora than two tiaas. 

8. Tha aathod of Claia 6 vharain tha filtar haa straight 
through channals* 

9« Tha aathod of Claia 8 vhtrtln tht filttr Is a 

polyearbonata filter. 
25 10. Tha aathod of Claia 6 including tha additional atap of 

aubjaeting tha lipoaoaas to a fraasa-thav eye la to incraaaa thalr 

trappad voluaaa* 

11. A population of substantially unilaaallar liposoats 

praparad by tha aarhod of Claia 6. 
30 13« A aathod for praparing lipoaoaaa vithout tha uaa of 

aolvaata* datargtnta or othar axtranaoua aatariala eoaprising tha 

steps eft 

«) praparing a aixtura of a lipid povdar or pallet and an 
aquaoua buffer; and 
33 b) repeatedly patting the aixture ander preeeure through a 

filter. 
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I 

13. Th« Btchod of Clala 12 whtrtln ch« filter hat ttralghc 
through channtli. 

1^. Tht Btthod of Claim 13 vhtrain Cha filtar la a 
polycarbonata filtar. , 
S IS. Tha aathod of Claia 12 including tha additional atap of 

aubjacting tha lipoaoaaa to a Craaza*thav cycla to incraaaa their 
tripptd voluaaa. 

16* Tha nethod of Claia 12 vhcraln tha filtar has a pora 
sixa Itaa Chan or tqual to about 100 na, tha aixtura la paaaad 
10 through tha filtar aoro than tsp tiacs* and tha resulting 
lipoaoaes are substantially unilaaellar. 

17* Lipoaoaes prepared by tha aethod of Claia 12. 
18. A population of lipoaoaca having a aubatantially 
unlBodal diatribution about a aean diaaeter greater than SO na. 
15 19. Tha population of Claia 18 wherein the natural logaritha 

of the autocorrelation function of tha tiae dependent fluctuations 
In the intensity of light scattered by a saaple of the population 
during illuainatlon of the saaple with coherent light can be 
closely fit by a second order polynoaial. 
20 20. A aethod for increasing the hoeogenaity of a population 

of lipoaoaes coaprising repeatedly passing the lipoaoaes through 
one or a plurality of filters, all of vhich have the aaae pore 
sixe. the nuabar of passes through the filter or filters being 
sufficient to produce a substantially uniaodal distribution of the 
25 diaaetera of tha lipoaoaes about a aean value. 
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